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BACKGROUND OF THE INVENTION 

1. Field of Invention: 

2. Description of the Related Art: 

i. 8v%k<D^mmm&mm as i n ti. sv^immmB^m 

W: (LS I 3) fflX Single-ended m^B^t^^TJ^XM . ^Hfll-^ffi 
Sr^-rSfcfe^mffi^L SI (L S I 2) Sr^tt^r bXL SI liLS I 

smxm&iwrzmtttpm-rzo lshhsi 2mMm^^t°-y>* 

Z 0 1 <D&&ffi3&Xmfc£tl. LS I 2tLS I 3 fmmt^ ^t-^ Z 0 

2<D&m3&xmmtstix\,^ 0 mm^^-r^ti^(Dmsm^^s i^awj 

{COl vtte, mf#8WP8 - 2 8 8 8 2 8 -^k^-^M 5 ! 2 1 1 - 2 7 1 3 4# 

^(Dfti^V^A^bTl^o E!2(i, 1. 5 V&<D¥mt$m$£l&^W: iU 
T, LSI b%FfZ>m&frfoZ>) tl. 2V^OLS I fflX Single-ended flT3* 

SlSfSi-S^^-^fct). l. 2V*©L'SH:i. 5 v«S-c?Uif^rt6fe 

Mftftm^^l. 5 VtC»^.Sff$t^fiSc$ti^) Receiver t, 1. 2VX 

W}ft-tz>?m\m&b &m?ttc.mtiixhz> 0 ^(dx 5^ 1 . 2 v^ols i m*f 

ttl. 5VH. 2 VOM^tSltE^Mt 5 - ^ t* 1 . 5V^©LSI 

b<pm j %tem&~*smzvx\,^ 0 B2Wu 1. sv^lsi^i. 2 
v^©ls i\zm%-&*mi-z>M&7FL>x^z>tK mm^m-^m^^v-^-m 
*ftKm&nm§:mti^mx*ibz>o 

7-A^WJSrl2|3^^rr o i3 (a) ttl. 5VWSI (DRAM) 
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5 V^$ti5 Driver 2fctf Receiver ZiSmZ-tz 1 . 2 V^OLS I — 
Single-ended m&*&&i~Z>Ml&*7j<l>. El 3 (b) te^<7}i£<754f J#£^LTVn 
$ 0 m^OLS IfiV^-fHtPCB (Printed Circuit Board) ^f^ft, # 
fe4 ^K'—y^X Z 0 ^ 5 0 Q Ofij^lj^-e^tt^tl^c^tl.TV >-5 0 <f 
ttmn-r* Driver ^Push-pull pMOS Y? ^^Sl/nMO S 
h^^^^T^^^tb (Push-pull m$0 > ^^-^rCf*2 0QT*fc5o — 
;£\ If ^^igfii*^ Receiver te\ C T T (Center Tapped Termination, fcSl^i 

CTTHW«ffift CTT^«^rSEl^±»ig^^T{l'JO 

Driver Receiver izmfcrtZWMWZ (VDDQ) <Dig£ti;t*U:£, Hi»Ji<ff 

I34te, Driver Receiver tttl^tim*-, m&S«^«J£TlW£-r5¥ 
mftgmEl&WSik* 5 L3rE$N»LT Single-ended it ^M^^B^t^ 

f-^Tjk U it^^iWi-^ ^tOFF So El 4 n Driver a* Push-pull 
ZtltcpMOS fy^^nMOS h^fi^^"?*^*^ Receiver^ 
CTT^V^« (OT. CTTH«i:#t) $nfc«^-C*>So 

(VDDQ) (Dfj&6Wc£5fc#\ -^n^tLO Receiver {^#^fS> A^mK&^J^T 
3fc&Ob#VMitT'fc5»*ffiVr e f©fi»ot^5o 
El5fiEl4^bfdf-§^^^^^Wy"efoSo EI5f2, El 3£ 

DriverX Push-pull WfitZtltcp MO S h7^WnMOSh7 
^i?X?X*mj$.£tl. Receiver tfSCTT^#££*U Driver <D*^ffln.te 2 0 Q, 
^i^SS<7)#tt-r Vf- ^V^«5 0 Q, Receiver <D&ffiB8i&tt±5 0 QT'feSo 
Sfc, El 5 (a) f*l. 5 V^OLS I ^^Single-ended {s#^^rt-S^^ 
«SHffiiag&£:7j*U El 5 (b) tel. 2 V^L S I Single-ended ff-^£i£ff 
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El 5 (a) t'^-T cfc 0 1. 5V^<DLS I/^Mf^&^fi~5#£\ tti^J 
{^(7)^4 l/^A-VOHl* 1 . 2 4 V, lU^jm#^ cr £ l/^VVOL « 0 . 17 
VbteV, VOHiVOL^WIfi^^SilEVre fi40. 7 1V 

tte&o it^ot, i. 2v^©ls ix*m&$:in-irz>m&<Dmmnmvr 

e f fiO. 7 lVi^5o 

EI 5 (b) {ZffrtXo^ 1. 2VI©LS I ^Mi^ri^f^S^. 
ffi^lff -i-tfVM' l^/W-V OHIil. 0 7 V. ffi^j{f -§-<£> n ? W</VV O L tt 0 . 
21Vi«9, VOttbVOL(D*mm\W>7£&tlZ£mW£V t e f ttO. 6 

4Vi^o Lt^oT, l . 5 v^co l s I t?fi -i-fe^m 1rZ>W&e>WfeW)£ 

Vr e f (20. 6 4Vt^, 

@6«; Driver ^Receiver tttl&hMZ.. 
mWmm^W. (1. 5V^LSIi:l. 2V^LS I 3) RflSriffigg^cUC 
Single-ended fg^^I^tC^^5te©fl^^Sr^U-CV^5 0 iiSt, 

F $-tir-5o El 6 (* Driver 2$ Push-pull ^^£*Lfc p MO S h 7 ^v 5 ^ ^WnM 
O S h 7^^^-C»lR£$tU Receiver Ti2«5®fct£r^ LTA#ffia*lte#WBEE 
VTT^/WT^^^tl/c*^ (VTTIIW) -Cfc&o El6T1il. 
2V«R-ClM^fSl. 2 V^L S I ^cShiZ-iMZ-*, 1. 2V^LSI3il. 

2v^lsi w-cm-^s^^nsflt^t)^ LTV ^ 0 

^<D X 5 fcflWttC*5V vCt>, «-^«r5SSSfrt-5 1 . 5 V^L S I t 1 . 2 V2* 
LS I 3\£fflfe£tlZ>WffiM£E. (VDDQ) ©tti^Sfcft, Receiver (d#$&£tl 
-5, A^«EE^^«fcfe<OU#VHrCfeSaeiWtEEVr e f^VTT©! 

El7(iE16^Ufdf-^^^^^C0AW!lTfc6o El 7(1, Driver 

*S Push-pull g^frfcp MO S b7^^^nMOS h7^i?X*-&&8. 
S*U Receiver ^^g^t^bTVTTi^/WT^^^tL, Driver <7};T>1g£t 
|j:2 0fi, ^ii^8SO<|^l4-r ^t°— y^{14 0 Receiver 0ft*K8&ffi'ffif3: 4 
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OQt'W, &1ts El 7 (a) ttl. 5 V^OLS I Single-ended fg-f§-£i£ 
{f-r^#^(^^ffitHlS§^U 07 (b) 141. 2V^LSI3^ 
Single-ended ft ^*26fT^5^<^SHiililHlKSr^ LTV ^ 0 

in 7 (a) f-^r«t i. 5v^©ls ifrtbm%-&&m-zm&. &&j 

it U-^/UVOHfl 1 . 2 5V, mtlin ^-<Dt2 r> U^VO U30 . 2 5 

Vk*j:*) s VOHbVOL(D*fflimz.W>fe£tlZ>mmW£Vr e f no. 7 5V 
i: /jJ5o Ufc^oT, 1 . 2 V^tf) L S I "Cft #&g:if i~-5^(DSm«EV r 
e f (40. 7 5Vfc*5, 

— ft, E!7 (b) ^-T«t5^ 1. 2V^(DLS I 3a»e>flr§-£:j£fr*"3*& 
£\ WMf©W^VOHttl. 0 0V, ffl^ff^P7^VOLIi 
0. 2 OV bftV .VOHbVOL<D*fflmzWlfe£tl5mmn&V r efttO. 
6 0 V £ ft £ Q LfctfoT, 1 . 5 V^<£> L S I T?f9#*^frtS»^OS!JMt 
JEVrefteO. 6 0Vi:^ o 

*i\ ei i i^tfctEE^L s i ma^&L snao 

£fc, El2(^Lfcl. 2V^©LSKil. 5V«8S«^&^#54 5tJ:U 

W&WcfctK LSI<Ds*y^~i^jX-$n?&<7>mtt£<9 s 1. 2V^ 
©L S I (D=t^ h&±ft1-Z>ffim&]bZo 
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m5\C7FVtc.mX*te, W&WZVr e f £ UTO. 71VtO. 64V£fflVN 
TV>5ri\ 2o<DLS I KtH^SSMffiV r e f flRtf 0. 6 4V{C"T 
6 £ > 1 . 5 vm<D L S I X'l-ZMem&fo 1 • 2 V^(7) L S I X»iZgmW£ 
V r e f ^{gfFTS -tt«8 (^-Ti o &f2fP£gtt5 0 

-ftefrh, gft ft -^^J^S ^ * W:0 . 7 1 VOS2p«EV r e f 
S;tx5*#teJfc^TA#lHl8& (Receiver) ^<Rj£^t"S^, X2tf&#tfS&*>T 
^ttttO. 7 lV<D£mn&Vr e ffrmtiZfrZt t£2>o * 

(Dtcib, Attm&X*?^ $^^^3.— (Timing skew) sWS^f-*. 

G b p s <DimW<D Eye window (Bit time) = 6 2 5 p s (<I*f LT 5 . 2 

Beirut, mtezmmn&xmittzmgim^&mwM&im 

MlEVTTWI^^o Lfc^oT, S2pmEEmiUi^VTT^Iilg& 

i"6Sm«EV r e f «1EVTT &l vf ^^PS^T 5 £ s ±12111 5 

SUMMARY OF THE INVENTION 
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5 0 --T\ is-^mm^^v-fy^X MfctfPush-pullSlt U fS-^fSftiJ« 
CTT (Center Tapped Termination) ^C<bi-S 0 tbt, >-f— ^V^^^ 

2 5 (V1+V2) tUS$lEVref«UI<t5o VI. V 

2 raft *srasa« +&¥mmmmafcmtrzwHN&DBQ'*h&. 

£kf£, ^y^hS^O^ffOLa^^ ^Signal integrity &#JtUt\ 

ground plane) ft*. ±SB&m*lX Single-ended 
m-mzm h-r > Differential fs#T' <fc V \ Differential ft-5§-SHK&-r5#3\ 
2o«ra**\ ODD mode^^fc^^0 2f&^^fir^A,^Bridge^ 

tt, fll;tfi£ Push-pull St U ^W«VTTj^«t-rS 0 VTTtfXttfctfg^*- 

VDDQ tf&VDDQ) CD 1 / 2 fc^S. Sfc, >f 

{ -> «®5lR t e r m*&Z^3&<Dlffi&( Z 0 (^^-5 0 

JEVr e f Offi^-it$ii:s o M^L<«, ^(^t^rO. 5V2tU 
VrefMlKfSo irTf, V2«Ji|S{SVDDQ-C*fcS 0 

££>Kl, ^Vl/hmfc&n^CD^is. Signal integrity Sr%itbT, fc^M 
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1 I 

* ,i 

&mt£?7 > hVl — >-(vl-r-5 w <t T\ Signal integrity «fc < «-9-SrfiaS&-C# 5 D 

«E©fiifflV^rtW5<Ot?, A*EBSa»i:*5»t 5 Timing skew£/h£< 

£<bM, 3mn&<7M&. ^L^Vit (0Ux.ffO. 2 5 (V1+V2) «f) 

Differential fg-^&^H-£>#£-^{f {M^ Bridge ifcfl&SrJBV >3 £ % 

X-oXs Signal integrity flS J; ^ ^ V^;*^— *S»J$tl/, *>o=i^ 

The above and other objects, features, and advantages of the 
present invention will become apparent from the following description 
with reference to the accompanying drawings which illustrate examples 
of the present invention. 

BRIEF DESCRIPTION OF THE DRAWING 

m4ix mte % w&wzxmittzmzmmmmmm.m urm-^ 



7 



E16H ^^^m«ffiTtfj^-r5^fl^aiH]SS^™^ii^^LTm# 
El 7 H HI 6 iZTjk Vfcm-tH5&^x^J>.<DMci£M<DMl&&^m&mx*& V . 

in 8 n m 4 Rnm 6 ^ ufdt ^m^y" ^(Dmm.^^-ti&mmxh v , 

El 1 0 f^^0jOfg-^(S^v'^7 i A(Dm 1 IQft^^fltefcSr^-tlsIBSig-e*) 9 s 

El 1 1 El 1 0 ^^bfdf-^fe^^7 i i^T^V^-5SSp«E^IEII^C0— fl| 

01211 El 1 0 te** Lfcjg 1 SteW^m*®^*^*— «fk UfclHS&(D 

ei 1 3 n (Dm j &fc&^x TJ±(Dm 2 2&M<Dm&&frtw8mv*> v N 
m 1 4 d ei 1 3 \z.7jk intern 2 m&m<Dm-fHss£i/x j rJ*&—mt vitm&o 

<f&&&^t1IIS&E|-Cfc 0 , 
El 1 5 l%tt£W<Dm-%fej£$'XTJ*<Dn 3 Hfife0»l<^fl|j^Sr^i-|lI8&Elt?fe 9 , 

m 1 6 n ei 1 5 icTjk Lt*m 3 mmm^tmsm^^ *r vtcrn^ 

El 1 7 A, Bft, El 9 Lfcfg 1 cDHJg^lgoft-^gl^^ AWjgffl^J 

ei 1 s a % Btt, ei 9 iZTjk isttm 1 <Dmm<Dnm<Dm ■ms^^^ j^vmvm 
mm&TM-zf* y ? mx&> k> , 

El 1 9 fl ^^Wft-^^^^AcD^ 2 CD|Ui<7)^^0«^^i-^P y 
^ElT*fe«9 N 

ei 2 0 \-±*i&m<7>G&&&i/*T j±<Dm4 mmM<Dmj&*7M-mfemx*&> 9 % 

El 2 0 ^ Lfcf 4 WJ^f^^T \^tdm&<D 

ei 2 2 H3>^8M©flr-*eii^y a©i 5 $&m<Bm&&r&&nm?*> r> , 

m 2 3 fi N El 2 2 Lfcfg 5 »0>jOfs-^g^^^A^— j^^fb LfclH]8§tf> 
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m 2 4 fik^JMBOft TO^7A(Z)^ 6 3Ufe^!j(7)^^-t-IlIS§|llT-fe 9 > 
El 2 5 ^^IgBJ^fa-^e^v/^^AO^ 7 ^6g^(7)«^^-tlE]g&[2lT»fc «9 , 
El 2 6 te, 02 51^ Lfcfg 7 nMM<7Mmftt&i'^J*&—f®<k l,ti®fe<D 

El 2 7 {i,^BJ<^f ^m^T 2»(D% 8 ^#JO^£^1lEj{8E|-e& «9 , 
HI2 8IJ, 02 7(^ Lfcfg 8 »J(^^^ ^ ti LfcHJggtf) 

El 2 9 te,*3g|^f ^f^r^^ 9 mMW(Dm!$.&7rrtfE}&mX*3b 9 , 

m 3 1 te, ^pjoft -^e^^^^cD^ 1 1 n«ytf>*j&£^ms&E]T-& 

E13 2«, ^PJCKt-^iHv'^^ Aof 1 2^6gW«^^niIS§Elt?fc 
El 3 3te, *&W<Dis TO^fAOl 1 3HJg^0^^^rH-[HlS&ElT^ 
El 3 4 W\ com^Hsm^* "rJ±(Dm l 4^#J<z>1?£/&£;^lllj&E|-efc 

El 3 7 te, El 3 6 izfjk Lfci! 1 6 ^^J^fs-^^^^i^Sr-^^bfclllSS 

m 3 8 tt, ei 3 7 (c^ bfdt -^^^^ AT-i v ^wmw&% f &m s <»-M 
ei 3 9 ^Bjoft-i^i^^Aom 3 (Dm&(Dmm<DMj&*^-t^ & y 



042 ft *m%<oiBttmisx7J*omi 9mmw<Dm&&7M-mvmx>3b 

El 4 3 ft if-WM (Dm^^iy^ x A ofg 2 0 ll&#J<Dlf&££^[IlS&0-efc 

K)s 

tmxMs 

<0s 

04 9(1 ^mm<Dmmm^^^(Dm2 5mmi<om^^i-m^mxh 

Qs 

05 0(1 «J<Djf^^rA(D^2 6||»cD«/&£^|I]&0T-fc 

05 id *%m<D\n j %&igLi<'^j±<D&2 7nmm<Dmj&&7rrfmmmx*h 

05 2(1 0 5 0 iZLTjk Lfcfg 2 6 HJfeTOOT 5 1 (d^ bfc^ 2 7 H»!|Of§ 

0 5 3 (i *mw(DmtHn£^xy' j»<Dm 2 8 mrnm^m^^rtm^mxh 

<9s 

05 4ii 0 5 3 vtz.m 2 8 mmm^m^mm^^^-mt l^ehs 
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DETAILED DESCRIPTON OF THE PREFERRED EMBODIMENT 
m 9 f* N *^(Dft^M^T-MZ)i 1 <Dm&(DMM<7)Mf&&^-t7** y ? 

$ft&ftR£H£&ff (LSI) 1 1 1 . 2 V^O^*$^[eJSS^g (LSI) 2 

suit K^-r^ (d) 4, i/v-/^ (r) 5, cTTim*fmtz*sim 

8 a, 8b,M^yflOa, 1 0 b tt1rZ>mf$r&hZ>o 1. 2V^OL 
SI2tt, K9f'< (D) 6, (R) 7, CTT»f^f5« 

9a, 9b, RTfix* yflla, lib Sr^5fltefe-Cfc5o |fg 1 c£>H 

Ji^S^ft-^ii^X^-C^ 1. 5VI<DLSI Ul. 2V^OLSI 

%$KnMtfe(DMWn?l*s 1. 5V^0LSI 1^1. 2V9fccDLSI2^ff 
#&j£ff-r£#£\ 1. 2V^(DLS I 2<Dh*9J/<6<Dmtl$;s^^^K°*- V 
V* (High impedance) fltfgfCtS^L, 1. 5V^©LS I lO^yfl 0 a, 
1 0 b^ttmOFF(C-r-5 0 1. 2V3ROLS I 2J&»fcl. 

L S I 1 ^f&^i^ff-rS^^fi, 1 . 5 VIOL SI 1© K9^'*4 (Dtii*)* 
✓M^^f— ^ttftKWeu 1. 2VmSI2©^s/flla, 1 
1 b^n^nOFF^-T^o ^LT, 1. 2V3ROLSI"2«»fcl. 5V^ 
LS I l^#^itfii-6i:#^#^i-6SSpmEEVr efU, 1. 5V^O 
LSIl^bl. 2 V^O L S I 2 — {f 5 4: # l-#it5SilEV 

r e f 2 t Sr— Sc**So AttttfcttV ref l=Vref 2 = 0. 25 (VI 
+V2) t-^-f-So w^T\ Vlll 2o©LSI(I«gt«iEVDD 
Q<£>5^, i«V^O«RftEEVDDQ (09-ettl. 5V) V2fiM£V<» 
*«tEVDDQ (E9"CW:l. 2 V) T'fc-5 0 Lfc^oT, SifEEVr 
efl=Vref 2 = 0. 6 75V<b&5o 

r<7)£2pf|I£V re ffj:, LSI (D\^t)^^-<D^ l"</l>%XJ t v V 1"</U%m 
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v ^xm-rz 1 1> Breg-cfc «9 > i . 5 v^l s 1 1 frbmm-rzm^v^ ^ 

iE-%r<D*tn"</l'%VOL2bl,tlt%s iftEVr e f 2 = 
0. 5 (VOH2+VOL2) T'fctK 1. 2 V^OL S I 2d^^ff-f-6ff # 
(Ds^ U^VOH 1 , ft fOD «7 l-</^VO Lit Lfc t # x 
re f 1=0. 5 (VOH1+VOL1) ^^CSitEVr e f 

Sri!Kti-Sw^-C, «J31«JEVDDQ«2^ > IWVr e f tel^Tig 
tP„ SmmEVr e f *&g,\Z.£j&X*% %> a 

fr*5, m 9 Tii Single-ended ft -JNtf&gte i" Slt^Sr^ LTV ^ #\ 
Differential ffi-g-SrjiSf3i-5flteJct? 1 fe>J:V\ *r©»£\ True fit Barffit^ |H 

Bar fMflUtt Bridget (Bridge &*Hlsl&) ^bTt<tV\ 
El 1 0 fitted cD{f v/^ TJ±(Dm 1 ^6gMO*^Sr^i-[HJSSIlIT*feS 0 
01014 Single-ended {§^^^5^1 Wl^S^liOff -^oH^t 1 

AWftftfiSj-efcS, EI10 (a) tel. 5VIWLSI l^tl. 2V^©LS 

i 2^m^*mt-rz>w&<Dmmm&$:^, mio (b) 2v^cols 
i2^i. 5 vm<n l s 1 1 - mtt7m^z>m&<Dmm&%7F utv ^ 0 

ONTOlufeS^ y^<^g^tM(4^t^8 a , 8b, 9a, 9 b tf^^&T 
*fc, {f^iifti-^ Driver tt, Push-pull ^^Hfc p MO S h7^^ 
^ fc°— ;?V* Z0I44 0Q -C*>So(£-8-£r£tei-S Receiver T T*f#fB£*l/C 

& i nwjoft %&&i'XTJ»'Vfo, i. 5v^©ls i i*>e>flr#srasmi" 
fs-g^fifti© c t T^^^rs^t^ 9 a atr 9 b <om& 2 z 0 = 

8 0 Q t^^-r^o ^^^L(^itte®jLSi9 a <t 9 b <^»M^b< , 40Q 
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<D*ft&A ^ t°-^>-^^T^i:> flRfif 2 0 Q U pMOSh7 ? 
<D* > s1&fitt*2 5 . 4 5QiZ.Wtj£~fZ>o Z.(D&o\Z.-rZ>b, VOH2=l. 15 
V, VOL2 = 0. 2VbftV> &mW£Vr e f 2 = 0. 6 7 5Vi^5 0 ^ 
©J§£\ PlffVr e f 2 ^m-^ff A 0 . 4 7 5V bftZtilb, 

— 1 . 2 V^(D L S I 2 *^it^i^si-5#^, «#SfHW© CTT$I 
M&&&i-Z>18&8&8 a XI* 8 b C^S^ 2 Z 0 = 8 0 Q fJUg^TSo ^#«9gJnCD 

iffiajseais ai:8b (Dmm\zm\^< > 4 0 Qio&sfc«\ m^^mtWf 
o#tt-r >>\?—y>x&rF(Dm, mz.\*2 0 on^Rjeu nMo sh? 

Ot«tt2 6. 6 7Q(lt^tSo r<£><fc 5t-1"5^ VOHl = l. 05 
V, VOL 1 = 0. 3 Vbft*). SMBEVr e f 1=0. 6 7 5 Vefc-Sfctf) 
_L12Vr e f 2 G9ffiK-i&rr5o g2g®BEV r e f ^2^5ff-SNgi|>g{gA 

(to. 3 7 5V£&5fc#\ «-9«HHt«r^lcfl6»-C#S. 

^l^^3Ji^^§ft-^0!;^-->mgft<D^SS^:l. 5V^LS 
2V^(DLS I 2<b^*ii^^>'K7 B ^— V^-T-So £<Z>»£\ -f 

iz-tzk. i. 5vt»ti. zvw&kttwzM ^nm&ms&t vx 
&mixrrz>mmt>z%±-r%o ifc^ot, mm*** 3 ^sh-isai v*-^ 

K9>f '*<D*ls1&fo<r>m&:Wa£tZ> Z. <t T\ ft Signal integrity TMB-S- 
Srfiii&-C#S. «M«ffiVDDQfi2^ PtffVr e f ttlfWC 

^FtPo SfeCfflPtEVre f£r0. 25 (V 1 + V 2) \Z.W0£\^X\^Z>(DX\ 

mmmszv r e f **mrrzwmmm^&*ffimmj&x%z> 0 i^ot, 

^7A©37 h%ig^-e#S 0 *fc, gZpflHVr e f ©flS^ ®H1EVD 
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ft:fc3 % 1. 5 V^OLS I 1 t 1. 2 VILS I 2©ift^ti:i: LTf*, DRA 
Mt Buffer, Buffer <t Chipset, DRAM,!: Chipset ^3*#;tbJx5o 1. 5 V 
^<7)L SI 1 t 1. 2 V^LS I 2i(iDI MM (Dual In-line Memory Module) 
^PCB^g^tl/CV^&cfc^ -^LSI^DIMMHit^ 
LSUSP C B -"^vif — /}> — Ktd^^n-C t =fc < > &#3^#*L ib*L$o 
*fc, HI 1 O-Cfi, ^&^ffl^<5}g}7D§§£ LT, L S I ftlzmWiZfrZ On Die 
Termination iSr^UCl^^ mftm<Dmn%si*L S I ^^Tft^tfCV^^ 
«fcV\ 01 O-Cfi^^fBj^^SrffiV^LS I if 5 Point to Point 

•CS8BlE^-S«^S:^L-CV>53ftS % ^iij»K^^^©L S 1 3i^Stt$tt5 
Fly-by (2b £V Hi, Daisy chain £ hWiXlZ) *><5V>tt/^0^«t'JC 

ei 1 1 a, b &m i o utis i mmnm-fHs&isxT^m^zMfflt 

El 11 A, Bfi, IJJilEVr e f =0. 2 5 (V1+V2) ^T^-rSlHlSS 
09"Cfc 5^ Ell A&m tm<D 4 OCDS^R £r£?V ^X&mW£ V r e f 

Ell lBfi|^IC{|i<7)6o(D^i^R^fflVNT^«EVr e f &± 

Ell 2til OfC^bfc^lllJfeMOfS^^^^^^fbbytlHlBS^ 

•t-o 

Ell 2 (a) I«IEVDDQ=V1^©LS I 1 ^«1EVDDQ = 
V2^©LSI 2— fl^^fs-r6#^C0^ffilHl^^U Ell 2 (b) 12V 2 
^OLS I 2HVims I l^m^-^t1--5^0^ffiHISI^UTV> 
So ft**. Ell 2 Tit, Vl>V2T*fc5 0 ^4(D|it^-^L^V\ 
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t°—¥l/XteZ OffcSo Receiver teCTT^£*V0^ 0 

s-r, vaoLs i l^^f-^-^f-rs^, m-^imKDCTTm^ 

T&i$tZ>&m!s 9 a 9 b 2 Z 0 KWCfetZo ^^SfetcOfltt^t^ 9 

a £ 9 bC«?iKfil^U^c#>, fi^t^^ft^* 3 fcj&V ^tr-^"* 

3=fc, Y^J/^mm-Z nMO S h7^^ 4 b <D*>18&L&mjjfas<* 
3 <0#tt-Y V ^X£kT<Dm. :i-CflRfi U SitEV r e f = 
0. 2 5 (V1+V2) t^§j:?(CpMOSh7^^4aOt>®i?rR 
lQlu^tSc r<D££\ Rift, 

R1=Z0(V2 • Z0-V1 • R-Vl • Z0)/(V2 • R-Vl • Z0-V1 • R) 

£fc, BMt^-<D^ ^/WVOH2 > o^l/^/l/VOL2lt 
V0H2=(V1-0.5V2)Z0/(R1+Z0) + 0. 5V2 
V0L2=0. 5V2 -R/(Z0+R) 

v2^©lsi 2a>bfi^&i£frr5*§^\ m^\m\<DCTT:msk* 
tetfttzmm* s a s b (Di&&±Md,t mmz 2 z 0 tdi9:^-t-3 c ^^gfet^ 

1l«^t§§8 a t 8 bO&?ijm^LVNfc£\ fi-^fiC^^fa^;* 3 b1M 

*fd, K^-Y^SrSfifc-TS pMOS h7>i?*>? 6 a (D^l^&fiZ&Wftfa'^ 
3 (D^-T ^ ^ ^^TcDfit, r ^ TiiR 3 Q K®*5£ U Vref=0. 2 
5 (V1+V2) ht£Z>& 9tnMOS h7^^ 6 b 0^">1g^LSr R 2 Q(C 

R2=Z0(V1 • Z0+V2 • R3-V2 • Z0)/(V1 • R3+V2 • Z0-V2 • R3) 
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Sfc, fci£ff ^-(D^4 WUVOH 1 % n «> K;WO L 1 te, 
VOH1=(V2-0.5V1)ZO/(R3+ZO) + 0. 5V1 
V0L1=0.5V1 -R2/(Z0+R2) 

4fc, ^fr'^* 3 ±£^5{f -{§-(£> JJ ^->^5fE^MjE§^ V1WSI 

i tv2^Ls i 2 tiz^m^9^^u—^ti-^ 0 y"v>h 
t. vi mmt v 2 mmt ^ti^eti v z—^mmw&t ltjev ^smfrtb 

& s<<D*^&ri<nW.$:nj£-rZ> ZkX\ mtte Signal integrity Xit ^ 
fc&X*%% 0 £fc, ti«EVDDQ(i2m SitEVr e f tel«rT?£r 
tP 0 SitEVreflrO. 25 (V1+V2) ^sS^LTV^tfm 

S¥lEVr e f ^a(-^-C#-5o Lfc^oT. ^^^(D^ hZISMX* 
#5, £fc, £ii«l£Vr e f« ®^m/£VDDQ<7M /2cOltt/&>ib:*t 
<-f*LTVv£l>m?, #K7^^pMOS h7^^MnMOS h^v* 
^^OKW^-y-xP^(C^^tt'&7J^p$tb N pMOS h^^^&tf 

nMos h7^x*tf$hmmmm-z> 0 ££>ki, ai±j^*^{£Mt*#5/ci 

El 1 3 te Single-ended It^^^ff-T^K 1 (DWrnKtWrM 
^J^CDMrftmXh&o HI -3 (a) tel. 5V^LSI l^bl. 2V%k<D 
LS I 2^{f#^f-t-S#^^^ffi[Hlfi§^U Ull 3 (b) tel. 

lsi2^i. 5v^lsh ttmwt z>m&<Dmmm*7F ltv ^ 

So 

mi3te, m^-fis^-^u^vx i->— oFFti^y^ 
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ONWidfc^^-r^^ig^iSfi^t^S a, 8 b, 9 a, 9bOt(I^t 

* fc, fl-i§-£i£ff -5 Driver Push-pull ^£ tl/fc p MO Sh7 ?R 
t/nMOS ^HS&TfcS^rS]^ 3<£>*BH4^fc° 

-^Z0U4 0 QT'feSofi-^^frr^ Receiver ttCTTil&Jft&lVO^. 

Sfc 2 ^6W©ffiTOS^rA|i, 1 . 5 V^L S I 1 frhit^mt-tZ 
4§£\ h'V'f s<&Mf&tZ> pMO S h7^^4 aWtyjSK&VnMOS h 
7 * 4 b 0^->1gfet^^f^y^ 3 (7)«t$tt-f >- t°— iZ&ttftXZtl 

Stifttl*ri&«H-5JgSiSI 9 a <Z>fifc£:3X#ftJ^;* 3 0>#l4>r ^fcT— 
©2#UOl, #lx.tf 1 2 0 QlHttJfeU ^tS^9 bOftS: 10 8 QteBBtl" 
5o 5Jc893£i~5i: % VOH2=l. 115V, VOL2 = 0. 23 5V 

t*9, fflWEVref 2'ttO. 6 7 5Vfc*5 e :of^ x SitffVre 

f 2 k*h- sat ^ffism. a « o . 44vi tested \t^mmu*%$r\zm%x* 

1. 2VI©LS I 2^^ff^tt5^ K9>f^«rttlfiW*p 
MOS bv^^^6 a<D*l^gtf£mfnMOS h 7 ? 6 b <D*>18fiV5: 

wjsfa*** 3 (Difflk^ yt^^y^t^-c^m4 0 Q \z.wo&rz> 0 Z<D 

©2ffiMJU:<£Hi£ % 0)R{;E 1 2 0Q(«U mm 8 a<7M* 1 1 0Q|C» 
5 0 -W<t9l:|?ilt5i:, VOHl = l. 029V, VOL1=0. 321V 
<b&t>, £2£«EEVr e f 1=0. 6 7 5Vt^5 c C10>4&£\ SMEEVr e 

f 2 ^*j-r sat -94@m a no. 354vt m#«i»tt£^fc:?*ffc 
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• 

&h*7><^<D*lsmi<m*WCfetZ>ZbX\ Signal integrity T*ff-J§-£ 

fei£T-£5 0 i^lEVDDQfj:2m Sip«EEV r e f tel«Tig 

fro SfpflffiVr e f £0. 25 (V1+V2) iZ^fel,T\(^Z><DX\ 

£5„ £fc, S^mBEVre f <Dflt;$$®l«ffVDDQcD 1 /2<Dm*h±% < 
-fixTW£VVDT\ #K7^^©pMOS h7^^MnMOS h^Vv 5 ^. 
^OKW^-y-^P^^^«aE^^0$tt, pMOS h^v^&tfn 

mo s Y7^i>*?fr%imh\zmptz> 0 £ hK.xmttm^h^mx^^tc^ 

m 1 4 im 1 3 Lfcli 2 il»]<Dfi-5§^S/;^A£-» L/dU&Sr^ 
-To 

mi4 (a) «mSEEVDDQ=Vl^LS I 1 d^®^®EEVDDQ = 

v 2 l s i 2 -ft -^^rr ^m^comsm^^ u mi 4 ( b ) # v 2 

*■ 5#®^^s^i6-rSBm LTV >5 0 

^fc, fff#Sri^flM-« b^^sm Push-pull ^$*tfcp MO S Y*7^J*? 
StfnMOS h^^^^T^^n, eii^5&T^5^(p]^3(D^^^ 
t°-^^«Z 0T*&5o -ft-^^ftl-^ Receiver {*CTT^$tLTV>5o 

s-r, vi^cdls i i^m^mt^^m^, k^^»5pmo 

S Vv^i/*? 4 a (O^-^^rtSt^nMO S h7^^4bWt«SrI^ 

O 2ffiP^±©fl|[, r ^"CttR Qtc«3t U S2p«EEV ref=0. 25 (V 1 + 
V2) i*SJ:5IC«feaS9b<Offl[*R2QtC|S3&t-So R2fi, 
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R2=R • Z0(V1+V2)/(V1 • R+3V2 • Z0-V1 • ZO-V2 • R) 

temm&D/^ l/^VOH2, n-)^yl/VOL2ll 
V0H2=(R • R2 • V1+R2 • ZO • V2)/(Z0 • R+R • R2+R2 • ZO) 
V0L2=R2 • ZO • V2/ (ZO • R2+R • R2+R • ZO) 

V2I©LS I 2^^f^^ff«#^ > K7^^^t§pMO 
Sh7 * 6 a cD^-^g^S:tJ?nMO S h 7 ? 6 b (D^-^ajC^^ 

* %m m^m^-r z>wm 8 b o>mkw^^ 3 <o«H±>r >- 

<£> 2{g^±(D|6 N r:t1iR 3 Q KnfeU SmttBEV ref = 0. 25 (VI 
+ V2) £ft3cfc5Wgjn3§8 a^iS^Rl Q{C|^^-«5 0 r<D££\ Rllt 
R1=R3 • Z0(3V1-V2)/(V1 • R3+V1 • Z0-V2 • R3+V2 • ZO) 

'(S&fg-^tfVM' ^VOH 1 , d <? WVO L 1 
V0H1=(R3 • Rl • V2+R3 • ZO • VI) /(ZO • R1+R3 • R1+R3 • ZO) 
V0L1=R3 • ZO • VI/ (ZO • R1+R3 • R1+R3 • ZO) 

# ^<D*lSmZ<Dm&WLj£rZ> ^ t X\ Signal integrity Ximtt 

s 0 £ tc, nmmzvD dq&2 wg, mmwzv r e f n 1 «ti& 

tfo S2P«JEVr e f £0. 25 (V1+V2) }ClS:^bTV^<D-C% 

SWVrefmt»^5o Lfc^ot, ^rAOn^h^iit 
£5o i^tEEVr e f ©figD&V ffi^«EEVDDQO l/2<Dfii3>ib*# 

<-f^TV^V^-C % #K7^^©pMOS h ^ n MO S J^>-v? 

^^(DKW^-y-^W^^flH^^p^tt, pMOS b^V'v^.RU* 
nMOS V7>*J*?ft®mfi)\mYPlrZ>o ZhK, Affi^itiS^-Ct^fc 
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&*3 % il 5li Single-ended is tt&gtiB IS 1 (Om&ffMWMW^y 
X"rJ*(DMc&MVh2>o HIl 5 (a) tel. 5V^(OLSI 1^1. 2V^<£> 
LS I 2^f-^^f-r^,^O^ffilHlS&^U HI 15 (b) tel. 2V^(D 
L S I 2 1 . 5 V3RO L S I 1 ~.f§ -J§-«ri£frr 5«^0«WiBflaK^ UTV * 

So 

*^01 5t?te, ttf£cDfii{d^L&V\ OFFtl^y^ 
ON«fc5^ y^©^t|»i^Dg&8 a , 8b, 9a, 9 b tf»^#>T 

£fc,fB-^&3£fn-5 Driver te Push-pull mfc&fttc P MOSh7 
— *V*Z 0tt4 0 Q-CfcSofs-^Sr^frrS Receiver f*CTT*li83JvOV5 0 

n 3 sfeifcwoflr-^eai^^ Afi, 1 . 5 v^© lsi 1 ^ bm^&mm-rz 

Wtk, K7-f^i^t5pMOS h 7 y ^ ^ 4 a ©tVjMt/nMO S h 
J 4 b <o*^8fa%W3m** 3 o^-T >K°—y^iz&trttX*:ti 

m4 0Ql^mo Sfc, Sff«««ig^9a, 9b©M£-We 

ti^[^]/^ 3 em&c >t°—y>'x<D2fe<Dm, - rtij soq t^si-a, 

^^S^-TSo Z<D£oizm7£t%k, VOH2 = l. 0 5 V, VOL 2 = 0. 
3 0V£#9, SmmBEVr e f 2 = 0. 6 7 5Vi^ 0 Ifc^cT, S$i 
JEVref2 fC*J-f- Sft-^^SfiS A# s 0. 3 7 5 V £ #6 fc£>, {f ^fflBI&tt 

i. 2v^cols i 2frhm j rr*xmi-z>m&, v^-c^&mj&tzp 

MOS h7>^^6 a©t>Mr;nMOS h 7 V^J* * 6 b tf>^>©fctS: 

sttrfa^;* 3 ^#14^- yt-yy7i^wtwti4 o q mia^t--5. 

SrftffiflS:*l«H-5«tfia& 8a, 8 b tf^^ftm^fp)^* 3 tf>i8H4-f ^ t°— 
SUM^iO^TOiJii/^ 3 taw ^t°— ^^^-rs„ r<Dj; 5 (OK 
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fetZk, VOH1=0. 975V, VOL 1=0. 3 7 5Vir^^ SifE 
Vr e f 1-0. 6 7 5Vt*5. r<£>*§3\ SSJS«EEV r e f 1 fc*n-«flr* 
A tf* o . 3 0 V t ft 5 fl-^-^IfiSSr^^^T't -So 

# ^<D^^mi<Dm&Wt^t^> Z. £ T\ ft Signal integrity "Cff 

tlfe&M3&t&&LX\,^<D-? s WlZ Signal integrity aSfcjVCV 5 0 « 
$C«EEVDDQte2»U i$«EVr e f li 1 »TT?»Ftfc, £kfC, 
Vref£0. 25 (V1+V2) KWtfeLX\,^<DX\ SHHEVt e f ^ 

Vr e f ©Mtf5«E«EEVDDQ0> l/2<OHD&^^ < -f*LTl vfcV >tfTC\ # 
K7^/^(DpMOS h7^^t/nMOS Fy^^OKW^-y^ 
IWt£3^ft*^BE&D$*U pMOS h7^^nMOS h^v^a* 

m 1 6 \zm 1 5 ^^bytft^^v-^xA^— ise^ufciiisssr^-r-o 

Ell 6 (a) lit^lEVDDQ=V1^0LS I l^blitEVDDQ= 

v 2 mo l s i 2 — ft^^rrs*a-(D^ffiiH]g§^^ u m 1 6 ( b > »V2 

^(DLSI 2^V1^LSI l^f^^fi-^^^^ffilHl^^bTV^ 
5„ fcfc, EI16TU Vl>V2T'^o liij&0|tHC##Lftl\ Ui/ 

-ff^^ff-rS K^-f^f* Push-pull ^^nfcp MO S h7^^ 
fcT-^^fiZ 0 -CfcSo fi-^gfTrS Receiver ttCTTJ&ffiStl/Cl^o 

*1\ vi^t^Ls i ifrbm^&mwtz>m&, k^-t^^^tspmo 

S h 7 4 a WtylMVnMO S 4 b^V^tSr^ 
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iHm#<7)^W ^MOH 2 . n ? k^VOL 2 , JWgPWEEV ref2it 
V0H2=0. 5V1-K). 25V2 
V0L2=0. 25V2 
Vref2=0. 25(V1+V2) 

-jj, V2^©LSI 2#>Mi-5§-£i£fi1-3*i£\ K7^^«tt5pMO 

2f^it2 z o izmfe-fZo ^<dw&. ^<D*i^mmmmm><n 

ZCDX?^ >T ^W^^^O^D^ 8a, 8b <Z)tt«:t»E-t*lff , 
fSSfB" ^VM' WVOH 1 x nr -7 1 ,RXfg&W3zV re f lit 
V0H1=0. 25V1+0. 5V2 
V0L2=0. 25V1 
Vrefl=0. 25(V1+V2) 

& s«D*^mji<7M&nfe1-Z> - t X\ Signal integrity X < fs-*Hrfei£ 

^S^<bS^LTV^-50-e, £H£ Signal integrity ^*tTl^3 0 ®H« 
EEVDDQte2*m IflEVr e f f^l^^tfo £b*C, SfpmEV r 
efSrO. 25 (V1+V2) {ClS:^bTVN^(75-C\ S^SEV r e f ^II- 

e f <D^ s ^^VDDQ(Dl/2(^{it7i^^#<i s nTV^V^-C > 
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ftftttm&fcttVNZtl, pMOS h7^WnMOS h 7 

in 1 7 a, b in 9 ufcm i <om&<owf&(nm^&& ; y* i r j»rimm&\ 

EI 1 7 Al^-tlf ^S&v-*^ Ate, 1. 5 V^O^ft^lHl^B (LS 
I) Ul. 2V^O^fl^[nJ&&£« (LS I) 2t^^|^-efc5^ 
f^^3T{«^$tL, 1. 2V^^fc^[I]S&gig (LSI) 

2 £ 1 . 2 V^^#3f«M!J3&!£g (LSI) 16 <b^^^S§x^^^[6] 

i 5T-ifig^t$ttfc«l^-efc^ 0 l. nil. 2v^l 

SI2ilt #J;ikfD IMM1 7^4t^£*L5 0 

Ell 7B}OTf J;5{-> 1. 5V^OLS I KiK7^^ (D) 4lr|"U 1. 
2V^CDLS I2il 1. 5V^OLS I 1 /^bft-^Sr^frTS 7 s R 

t>'CTT»»5jW8a, 8bt, 1. 2V^<DLS I 1 6^bft^ 

sr^frrs 1 9 % xt^c t T^^fiW-sffism 20a, 2 0 b £ & 

^*-«5fl*J*-T?&5 0 1. 2V^©LSI16(t (D) 18Sr^T 

■*-5fl*fifc"T?fc£o Ell «J*«rffil^J^i-^:«>^ 1. 2V^©LS I 2 

#1. 5VI©LS I lRXfil. 2V^OLS I 1 6frt>iB-%-&%:Bi~Z>Wr&<D 

1 . 2 V^<D LSI 2iLS I 1 6.Wf*, 3 Lfc^Off -*§^i£ 

1. 5V^^J^LTV>6fcfe, *H*fe^-ef±«K«EEVDDQSrl. 2 V 

— ^ 1. 5V^LSI Ul. 2V^OLS I 1 2^1 H©Hi^ 
S^lilEV r e f (Om-ZWXt hO. 6 7 5 V t &<5 0 



23 



mi 7 \ztFtm-%te&~yx ; rJ*ix ia^&mt-fz vyj^Jr^mtmm 

e f t>^td^J5fe-et5„ ^ESK^fiB-Ctt, DIMM1 7 — «#&i-5«W«BEV 
DDQ^2^Sl:/«f5^ 1. 2 V»L S I t:#fflt^'50T\ D I MM« 

m 1 8 a, b ix m 9 tc^ ufc^ i <Dmrnmm<Dm-%tem^x7 L J*<Dmmm 
mi sAjc^m-^ein^^Att, 1. sv^o^(^iihi^« as 

I ) 1 <b 1 . 2 V^O^ft^H]&£|£tt (LSI) 2 ^^^Si^SS-CfcS^ 

f^]/^ 3 -vimmfczti, $ e>^ 1 . 5 v^o^ft^wwiis&gie asi) 
ui. 5 vm<D^mmmm^mm asn 21 £asea§i^TS>53K#ft 

2 2 T'il^»^tlfc^-efo-5o 1 • 5 V^©L SIU1. 5 V^©L 
SI 2 1 tii, 0»J;ifiD I MM 1 7 tejgttSJtSo 
Ell 8B{^-TJ;5(-> 1. 5VI©LSI 111 1. 5V^OLSI2 1^ 

bm-^z^m-tz 2 3 % s.tj?c t T^s^^r z>mff& 25a, 25 

b ^ x 1 . 2 V5fc<£> L S I 2 *^ft^*SflM"S 5 „ RXfC TTm%% 

ft2riH-5}g}7C§§8 a , 8 b £ WSMtfcSo 1 • 5 V^OL S I 2 

lttK9>T^2 4Sr^rU 1. 2V^OLS I 2liK7^^6^t?>Mt^ 
So mi 8BTU ^&fWW33*t"fc«>, 1. 5Vi©LSIl^l. 5V^ 
OLSI21 Rtf 1 . 2 V^©L Sill ^bfl -£-&gft -fS^^fltBSc^Sr 

1 . 5 VIOL SI2ULSI11 Mtt, Mz-&m 3 ^b/c^^ft-^ 

JEEV r e f ©»4**1>«h/ 0 . 7 5Vi/i5, 

— 3n 1. 5V1©LSIU1. 2V^(DLS I 1 2^ft ^10|Qffe<D^ 
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mttgmWZV r e f (OmtWSt t>0. 6 7 5 V t ft 5„ 

^<D£?tmmz.£tll^ HtEVDDQ^2m IWVr ef^2 

e f t^^^T*#5o ^^J^^T*^ D I MM 1 7^#^f§«^flffiV 

m 1 9 itt&W(Dm-%^^^j*<Dm2<Dmmmm(Dmf&&ttyK v * 

El 1 9 X 0 {-> SH 2 Ol^te^flg^^gi^V^T 1 Att, 1 . 5 V^CD 

^ti&aHIUg&lt (LS I) 30tl! 2V*<0^fls8^K^ (LS I) 
3U 3 2 T*ffl^^c$n, £ e> 1 • 2 V^W^ 

^^^nisg^s (lsi) 3ui. 2v&<D*mmmm&mm as n 

5U riHS^^^fcs^fr^ 4 i T»iffl^^$tL^«^-efoSo i . 5 v 

^OLS I 30i 1. 2V^©LS I 3 1 tflRkfD I MM 5 Old&^&tL 

1. 5V^©LSI3 0(t KTT'f'* (D) 33, Ui^-s* (R) 34, VT 
THM^f5» 3 7 , S.T>^-T 3 8 4r^Tl-5«^-C*>S„ 1 . 2 V 
|OL S I 3 1 K£, 1 • 5 V^OLS I 3 0 tit ^^.\Wt^>t^<D K^-f^ 
(D) 3 5, (R) 3 6, VTWMt5}W3 9, RXfiXj 

y^AOt, 1. 2V^©LS I 5 1 i:fll*Srfaafcfii"*fe«>«>K9^^ (D) 

4 2, U-v— ^ (R) 4 3, VTT**«&£^J5fe1-S&#^4 6 % SU^S'^4 
7££^5«J&-?fo5o 1. 2V^LSI 5 1{t K?>T'< (D) 4 
4, U>w* (R) 4 5, R^^ 49 

^HSfe^^f-^^^xATii, 1. 2V^LS I 3 l&t*LS I 5 1 

\-m—(Dmm&-v ddq xmtpr z> l s i mxmtt&m-r z> tc vtt= 

0. 5V2 = 0. 6V{^^T5 0 ^^T*, V 2(*{SVDDQiit, -Tftfc>*>, - 
:tllV2|j:l. 2Vtfe5; 1. 5 V^OL S I 3 0 £ 1 . 2V^CDL 

5 I 5 1 WS:*t»jBH-S 1 . 2 VIOLS I 3 1 (CiilgVDDQf ^t^5 0 
w<7)J:5ft#l^v:*5V^, 1. 5V^(DLSI3 0^f)l. 2V^(E>LSI3 
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l^-im^mm-tZW&fe. 1. 2V^OLS I 3 1©K7^^3 5<£>tttfj£r^ 
4 J (High impedance) JRAfitORJEU 1. 5V^OLSI3 0© 

^yf3 8SrOFF(ut§ 0 1. 2V*©LSI3 1H1. 5V^ 

LS I 3 0^m^r%&mTZ>m&n, 1. 5V^©LSI3 0OK7^3 3O 
tii^^^'f y t-y^^il« 1. 2V^LSI3 1©^yf4 
OSrOFFlC-TSo ^LT, 1. 2V,?(DLS I 3 1^1. 5V^(DLSI3 
0 ^f-^-^^ff-rS <t # (C#M-f-6S^mEV refl^ 1 . 5 V^(D L S I 
3 0^1. 2 V^tf) L S I 3 1 — m-^-^f -T5 £ t ^^flai-SSWIBEV r 
e f 2k%— gctt&oMtffibtaZVT efl=Vref2 = 0. 5V2if§ 0 
--"C% V2[i, 2o©LS ItWt5«itEVDDQ©H> 
I1EVDDQ (Ull 9Tiil. 2 V) Tfc5 0 L-fc^oT, XMEEV r e f 
l=Vr e f 2 = 0. 6Vi«5„ 
Ctf>S*TO£V r e fit LSI (Dtiit)im-^<D^ W</k&.tFn V W<A-£ffl 

v ^^-Tcl <t ^aJtrefc 9 % l . 5 v^<z> l s I 3 o a>bi£ft-r<5ff -*§-<zvm' U 
^VOH2, f9#©nr>U^USrVOL2^bfei:#, S^miEVr e f 2 
{30. 5 (VOH2+VOL2) 1. 2 V^©L S I 3 1 frbmWtZ 

m^r<D^ Ix^VOH 1 , fs#On * U^VO L 1 £ Ut £ 
JEVre f lliO. 5 (VOH1+VOL1) "C*>5 0 fc*3* 1. 2V|WLS 
I3ULSI5 lWtt m*-t$ffl7 (b) {^Ufc^^f-^e^^^AO 

e f (Difitt^t to. 6Vi TfcS. £ «fc 5 l£g3JI«!EV r e f Sr^^TS £ 
£*C, WB«EEVDDQtt2«|g % mtt&WZVTTtelfm, SilEEVr e f 
ttl«KT?#3K i$iEVr e f fcS«fc:£j&T?#«5 0 

^HJffeM-ef*, D I MM 5 0^W#81-5«aH«BEVDDQdS 2flBH»C<j:5^ 
1 . 2 V®ScDL S I £r#ffl-e£ 5©T\ D I MMOm^-^^AOft^ig; 

III2 0te,#$gl?g<DfB-5§^^;^A^ 

ft*5, El 2 0 fi Single-ended fs-§-&j£gfrr<5> Sg2 OHigO^Off -^5^ 
S^T-A^ffcWtffcS. 1212 0(*1. 5V^OLSI30a. 2V^LS 
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1 3 1 MOEIKWWi* LTV 3! 4 HWJte, HI 1 9 ^ Lfc 3 L S I ffi 

2o<DL S I MT'jf -^^fe^-r t>*r#rC&5o ft*5, El 2 0 (a) til . 
5V^OLS I30H1. 2V56£>LS I 3 1 -Ms-^£^fi"5#^tf>^fffi[H] 
i&Sr^U E12 0 (b) ttl. 2V^©LSI3 1^1. 5V^©LSI30 

^^*wm-%w&<omm , &*fF LTV ^ e 

ON«&5^ y^O»W«4«tt»3 7,3 9 (Dfit^#TfB&LTV>5 0 

*/t,-fS#*2SffiN'S Driver « Push-pull mfcZtltc pMOSh7 >-^* 
t/nMOS hy^^^T'^^tt, &$m3&X*&Z>Wjfa/<X 3 2<Dm±4 > 
fc°— ^V^Z 0te4 0 Q-efc^o-ff^^fi"?) Receiver teVTT^;**!/^ 

So 

m 4 ^jg^joif ^e^^x i. 5v^lsi3o^ hm^zmm-r 
%m&, m^\m\<DVTTifei%zM^zmm&3 9«»^3 2© 

3 2 £ ^t°—y^x&£-rz> 0 

*fc, h*9'(s<&mj$i-Z> nMO S h 9>^i?X? 3 3b (D^-^mfC^M^^ 

3 3 a <Dt>®i?r 5 0 Ql«f5 0 i 5 VOH2 = 1 . 

00V, VOL2 = 0. 2 OVbteV, gfiflffiV r e f 2 = 0. 60V£&5 o 
rcD#^ % S^®EVr e f 2<£>{iSte:{£VDDQfl! ( 1 . 2 V) (Dl/2X*hZ> 0 
£fc, SftEVr e f 2 ^Stf Sff-^Hfii: A « 0 . 4 0 V£#5fc#>, ff^- 

^43, ^HJfe^J-C«> p MO Sh7 ^v 5 *^ 3 3a 0^>iS7i/«;frrV^ 3 

2 <D«HH4^ >-t°-^^ Z 0 £ K> < ftoTl^ri^ ittfeo^^Biei-s 

*:<Dm<Dm<nm.&£x*h mz.t£. p mo s h 9 33a <n>^ 

©1=3 5 0, nMOSh7^^3 3bOt>1^i=10Q(Ct5i > VO 
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H2=l. 08V X VOL2 = 0. 1 2 VirfcO, Wm&V r e f 2 = 0. 6 
OV£&5 0 

1. 2V^(DLS I 3 l^^f-^-^f-ra^ -ff^ffilj^VTT 

m&zi&ifct zmm/s 3 7 <oM^^fR]/^ 3 2 ^^t^ ^ t o -^;* zotm 
s y^^s^z 3 5 b <D*^mji* : tti : etmjjfa^x 3 20^^^-^ 

*OT<7^ ^!l^2 OQ^gS^-reo r(7)«t5^-t--5<b, VOHl = l. 0 0 
V, VOL 2 = 0. 2 0Vi:^ o ^fc, SMVref 1=0. 6 0V^ 
SiiEVre f 2\Z~%rtZ> 0 Z.<DW&. SWffiVre f 2\CttTZ>m 

&*3, #$mWX"\^ p MO Sh7 ^ ? 3 3 a <^>1gjft#^;^^ 3 

r t Tit ^(owm^x.^ z. t tf*smT*& <o s m^-mm* «t k> < uytv 

»3 5Q, nMO S h7^^ 3 3 b (7)ty®tt 1 0 Q W ^ VO 
H2 = l. 08V, VOL2 = 0. 1 2 V<b&«9 , WgWZV r e f 2 teO. 6 

^fp]^^ 3 2 _h <lr?5tctx <5 flf -£§-<D y ^B»»§£, l . 5 V%k(D 
LSI 30^1. 2V%k<DLS I 3 1 tfcmmtey^yVT'U—l/ffZo Z<D 

moji^^p-^^p t gjg^^-|-^ o bfc^oT, 3S^|rJ^3 2Sr»^f-i§- 

J: 0 ^^(D^-r ^ fc 0 -^* Z 0 ^*J-LT, ^$m^tf>{fi> 
# K7^^^^-^gfet(^ii^^rs - £T\ Signal integrity "Cfff-^S: 

eiHT*t5 0 «IlEVDDQfi2m i^mHEVTTte 1 S*fl 
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IffVr e f itimtCmtfo SftffVr e f £0. 5V2«t 

X\,^Z>(DX\ SitEVre f %®M^±J&X$ 6 0 Lfc^oT, ->*xAcD=i 
X h &i8MX% 5 0 S^mffiV r e f ^titEVDDQW 1 / 2 CD 

<-ftlXl^^(OX\ #K^^c7)pMOS hyV^^^nMO 
S h9^i?X?<DFl"(^-y— xm\Zftftfj:W£tfm\l£tl. pMOS 

EI 2 l (vim 2 0 izfjk 4 »Jo|f^->^ x A $tfb 

-n 

02 1 (a) {3®IC®EEVDDQ=Vl^c7)LS I 3 0;^®!§CttEEVDDQ 

=v 2^c7)ls i 3 l^m^mm-r^m^^mmm^Tjku 112 1 (b) « 

V2^C75LS I 3 l^bVl^ODLS I 3 0 ^t^-^^ff 5^<^MffiH]S§£ 
^fc^^S^ffifctSf^^fcTfE^ LTV ^ 0 

*ytt, ft -^^rrs K^-r^f* Push- P uii w^^titc p mo s k 9 

nMOSf7 * X-mtfL £ *U feil§8SK"efe 525^^^ 3 2 c7)#tt^ 

>fc°— ^V^teZ 0 T'fcSo ft #*S£ft "t"S Receiver ttVT TJj««S$ttTV ^ c 

vi^cols 1 3 ofat>m-%&mwfz>w&, m^%mw<DVTTim 

&l&f&i-Zl83m 3 9 <D&L&2ttfa'*X 3 2 (DmkJ ytf-^ Z 0 ^ in cue 

£fc, K7^^^ittSnMOS h^^** 3 3 b <Dir^WSi^Wj^ 
X3 2 <Dm>feA isK'—y^x&rfaM, #tJx.(£R Q l^5£ U pMOS 
^^3 3 ac7)^-^^t^, ISItEVr e f 2 = 0. 5 V 2 btZ&X? 1 Q 
ra^-r^o ZOkZ. Rite, 

R1=2V1 (R+ZO) /V2- (2Z0+R) 
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V0H2=(V2 • ZO+0. 5V2 • R)/(R+ZO) 
V0L2=0.5V2 -R/(R+ZO) 

— V2msi3 i^hm^mt-r^m^. is^mmwTTtm 
*Wf&-rz>mm 3 7 ©ttSrsDSr 3 2 ^^-r v *r—y zotmwfc 

*fc, K9^^<4rfll)EiW-5 pMOS b^^** 3 3a Ml^@3KBOJriMO 
Sb7 35b (O^yWsK^mj^T. 3 2 0^>T ^fc°— y^X£kT<D 

m, mX\Z*:tlZ:*lR2a\Z.W0£.-rZ> 0 Z.(Db%^ S^lffiVr e f lit 
Vref 1=0. 5V2 

*fc, ^Si^ft^^-r 1 , o^l/^;l/VOLllt 

V0H1=(V2 • ZO+0. 5V2 • R2)/(R2+Z0) 
V0L1=0. 5V2 • R2/(R2+Z0) 

# K7-l'^^->^t(D{6^^i-5C«t T\ Signal integrity Tittt 

4S£-e#6 0 Ifcfc, ®|gffiVDDQ|j:2m ^«EEVTT«1^, 
IffiVr e f ttlSiremPo SitSVr e f £0. 5V2OTSU 

TV^OT\ S2p«/£Vr e f &mB^±]$V% Z> 0 Uc^oT, ^7^©3 
^b£{g^-e#5 0 £fc> S^PWffiVr e f <D{fi^®!j|mEEVDDQ<Z> 1/2 <D 

sh7 ?©kw ^- y — xmizftfttemm^mu £*u p mo sf7> 

El 2 2 f»3§Bjl<ZMf -^^^t 1 A<D|g 5 li«J<Dlf /&£^[I]&E]T*fc3o 
02 2(41. 5V^©LSI55tl. 2 V^CDL S I 5 6 f^T* Single-ended 
it^^-r^lElj^iJ-CfoSo ft*3, El 2 2 (a) ttl. 5V^CDLSI5 5^ 
fel. 2V^OLS I 5 6^f^^ft-r5^<^^«Eli^^U El 2 2 (b) 
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ttl. 2 V^OLS 15 6 t)*h 1 . 5V^(DLS I 5 5^B^^t?>m^<D 

ON«fe5^-f «ttli^6 0 a, 60b, 62a, 62bC0jjt 

*fc,ft -§-&i£ff Driver tt Push-pull gStt^Hfc. p MO ^S. 
tfnMOS h^S^^T^EJt&tb, eSSilftK-C&S^lR]/^ 5 7 > 
tr—^V;* Z0li4 0 Qt?*)5o^S:Sfi^"S Receiver teC T T^^trC I > 

<5 0 

f&5l^#J©ff#^v';*-X.Afi, 1. 5V^©LS I 5 5t)*t>{$%r&imt 
5l§£\ K7^^*i^t5pMOS h?>i?X? 5 9 a(Dty»t;nMO 
Sh7 5 9b <D*^Wfc&l&%$\'^ 5 7 G9#t4-f Vt°— irlHD 

fs#^m»CTT^^^r5^t^6 0 a(DfiI^^^5 7 
602 Z O^lOft, fllfctf 1 2 0Qi«U Jg#C§§6 0 b60{it-Sr9 7. 7 8Q 
lZ.nfetZ> 0 VOH2 = l. 0 9V, VOL2 = 0. 2 3V 

£fr«9, Wm&Vr e f 2 = 0. 6 6Vi:&5„ l*«EVref 
2 \Ztt1-Z>tW-%mmM-Z 0 . 4 3.Vift5fc«), f&-^MIffi^^^W:t?# 

i. 2v^ols i 5 6a»kf&#&jgfrt-54&3\ K9wv««raww5 

pMOS h7>^^61 aCO^-^^tS-t^nMOS h^^^.^6 1 
SfitSr^lRk^^ 5 7 <D£H£-f ^ y is* t W[ D 4 0 fi 1085&*-*o - 0>»g\ 

*fc m-^ft»cTT^^^rs^fc§S6 2hom*W5fa'** 5 7 

©2Z0;£JLk<Dte, miil20QI«U JgJ7L§&6 2 a ©flit 1 2 0Q^ 
^-f£o r©«t5twi-5^, VOH2=l. 0 2V, VOL2 = 0. 3 0V<bft 
5 0 £fc, »«EV r e f 1 = 0. 6 6V£&«9, IHtEVr e f 2fC— 9: 
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1-5. r SWVre f 1 ^^tt^-^rM&i$. AfiO. 36Vi^ 

35t*iR]^^ 5 7 ±£?5fcJx5<f V *—i/nM(OW&*s 1 . 5 V^o 

LSI 5 5^1. 2VI©LS I 5 6 K?V— ^ti~^> 0 

V ?-^mM<DW&t-fZ>Wr&, 1. 5V«Rti. 2V®li^ti€n^ 
^y^h^O»8fc^ii*Pl-5rai®&S55^1-So tfc^oT, M^5 7 

# K^^^^^yfitftOliSrlSBei-S r £ X\ Signal integrity T*m#S: 

£<> * fc, ®llEVDDQft 2 SPtEV r e f ft 1 TOT*gr 

'i^mmzm 1 3 ^ ufcfg 2 mm\£ t> hm 1 ^ < wa. s^«bev 

r e f ©fi«lEVDDQ© l/20|B>b^ < 1**1/C WjtV MZ>T% # K 
(-^E^«{4^^p $ P MO S n MO S h 7 ? 

HI 2 3 (cm 2 2 tc^Uhfg 5 lat^^^^^^^Sr-jR^bUfelllSSSr^ 

1"o 

I12 3 (a) «®g®EEVDDQ=Vl^LS I 5 5^f>SitEVDDQ 
=V2I©LS I 5 6-M&#«r^f1-5^<0^ffiIlISS^U HI2 3 (b) 
V2^(DLS I 56^bV1^0LS I 5 5 ^t^&3£fi1-5#3*<E>WIIJ8&& 
**LTV>5 0 ft3o, V1>V2T^§, «(£<DffilC^- bft . 

mK^fm-^^mm^m^^xwrn u-cv ^„ 
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sfc, m^&Tgm-rz v^^^z Push- P uii mfcztitz pmosf? ? 

MnMO Sh7 ^^^TflWE^tU te>£SfU8Tfc52££|6]^* 5 7 
^t°-^^(iZ O-efcSo if -^SrSft 1-5 Receiver liCTTlMtfS^Jva^So 
V 1 ^(DL S I 5 5^f)lf K?^'<*«fiW-6pM 
OS h7^^ 5 9 a^^i^iXVnMOS h^v^* 5 9bOt>« 

£fc, f@-^MiJ<DCTT^^^r^^t§§6 0 a (OffiSr^lRl^^ 5 7 
(7) 2 Z 0 £JLbaH& w ^T*«R Q »ORj£U 0 b OfiSrR 1 Q fcHW&t' 

5. 

R1=2R • ZO (VI • ZO+0. 5V2 • R) / (V2 • R • ZO+R • R • V1+4Z0 ♦ ZO • V2-R • R • V2-2Z0 • 
ZO • VI) 

V0H2=(R • Rl • Vl+Rl • ZO • V2)/(R • Rl+Rl • ZO+R • ZO) 
V0L2=R1 • ZO • V2/CR • Rl+R • Z0+R1 • ZO) 

Vref2=(0. 5V1 • ZO+O. 25V2 • R)/(ZO+0. 5R) 

OS h7^X?6 1 atf^^l&fei&tfnMOS b?l/i?X*6 1 b<D*l^g&i 

*fc, «#5Hi«OCTT|l«Sr?E^*«ttai6 2 bOfi^|p]^5 7 
O2Z0 RjKOH % r r. T'teR Q U 6 2a t R Q l-^t"5o 

V0H1=(0. 5V1 • ZO+0. 5V2 • R)/(Z0+O. 5R) 
V0L1=0. 5V1 • Z0/(ZO+0. 5R) 



33 



Vrefl=(0. 5V1 • ZO+0. 25V2 • R)/(Z0+O. 5R) 
t ftZo - <7Mlt Vref 2 t |r]— Xfo 5 c 

# K7^^^-^5t(7^ii^^i-?)C: £T% Signal integrity Xis ^ 

£fc, liiEVDDQfj:2m I?lEVre ftel«irci& 

/J«I£H 1 4 VMS: 9 h^F^ < miZ. l$tEV r e f tfXfi^fl; 

WW£VDDQ<D 1/2 (Dm.frtt% < TtlX\< >&V >©"C % ^ K9>( P MO 

IH2 4fil. 5V^LSI55il. 2 V|OL S I 5 6IHJT? Single-ended 
i$tt&a&rZlBlim"C$>Z>o 02 4 (a) ttl. 5V^LSI5 5^1. 

2 l s 1 5 6 Mi-^sri^m -r z>m&<Dmm&*7* u m 2 4 ( b ) n 1 . 

2 V^tf) L S I 5 6 1 . 5 V^<D L S I 5 5 ^f^&^f1-3^<^Msl 

ON^^feS^y^Offi^CttWffiJ3tg|6 0a. 60b, 62a, 62bOf 

£fc Jf Driver Push-pull SSK^ttfe. pMOSh7 ^v 5 * 
tfnMOS h^^^^t^^^tt, e^"C*fc5I»^ 5 7 ©#tt-f ^ 
fc-^V* Z0li4 0 Q-e&So-ft-^^^rf-S Receiver «CTT^$nTV> 

So 

tH 6 lafi^cOfS^gi^^^^t?^ 1 . 5 V^O L S I 5 5 ^^m^i^fs 
K7-f^«fiKt2)pMOS h^v^* 5 9 af^MS^tf nM 
OSh7 * 5 9 b (D^^WSK^W.^^^ 5 7 O^-f ^tf— £ PI 



34 



C4 0QOTt-r5 o b*7>('«D*>1B&ibm}jfa'<X5 7tt^> 

««««|OCTT3|«««^W-SfflWai6 0 a<DfitS:tm^6 0 b 
(DmZ^tl^tmjffa^X 5 7 CO 2 Z 0 WJlCOffi, 0y*.WC 1 2 0 Q KKJ^fSo 

5 fc1-<5£, VOH2 = l. 14V, VOL2 = 0. 24V£&9,S*fS 
IffVr e f 2 = 0. 6 9Vi^ 0 rco}#£\ r e f 2 \ZLlfrtZ>\t 

a o . 4 5 v <b tested ^mm&ftftKm%-?% z> 0 

1. 2V^C0LS I 5 6A»e>«*Sr3§&flH-5*^ % K9>T'<&fltofct-£ 
pMOS 6 1 aCO^-^^tS-t^nMOS h7^^^6 1 bCO^ 

JgJnfcMrft^ 5 7 co4#tt-r ^ tf-^V* <b 1^ D 4 0 Q lORJ&r*. r. <0»£\ 
K7^^co^-^S5t<h^f6]^ 5 7 £2W vtr-^^»&i-s„ 

ft -^ff {flJcO C T Ti^&T&ifrr Sjg&gS 6 2 b ©«*3JC£|Sj/<;* 5 7 
CO 2 Z 0^±CO{jt, 0iJx.f^C 12 0 QK35BEU IS£n^6 2 a COffi^ 10 1. 2 5 
Q\Z.Wu£-tZ> 0 Z.<D£?iZ-t2>t, VOHl = l. 0 3 7V, VOL1=0. 3 
4 3VtteZ> 0 iitEVr e f 1 = 0. 6 9Vfcft*K S^W3EV r e 

f 2K— m-Z>o ^c0#B-> SflEVr e f 1 K^Sfs^MgfilAteO. 3 

rcOctpt^ ^^S&co^tt^^t-y^ZO^UT, #^SSSJg£n;co^ 
# K7-<^<CO^->i^i:coMSr^^f--5 C t X\ Signal integrity Xim^ 

-fS£-e#5 0 *fc, «ltEVDDQIi2m SitEVre ftelWfC^f 

e f OHESr^FUfe^K^Cl? § cOT\ n MO S h7^^ 5 XfcEW& 
©KtWSMlCfcS Rr^f4d5fo5 0 SWEEV r e f (&ftD&*«fK«EVD 

DQCOl/2COfit^^^:#<-ftl,TV^V^CO-t:\ #K7^f^pMOS 

pMOS h7^^^nMOS Y7^J>*?*mm&i\Z.Wim-Z>o ZhK, 

v*z o^^push-puiiifi/&co K7^r^^rr§^;T^2iUfe^j(iEii 3K 
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El 2 5 WI§^cOfs#^l^-r AcT)^ 7 ISife^J^«^^^i-[H]SSI§lT*fc5o 
ID 2 5 tel. 5V5ROLSI55il. 2 VlWL S I 5 GfiiX Single-ended 

fett&^rZm&WVlbZo EI25 (a) tel. 5V^CDLSI5 5^1. 

2V^OLS I 5 6^^j3^5«^4MlHlK^UE2 5 (b)tel. 

2V^CDLS 15 6*^1. 5V^CDLS I 5 5^{f ^£^f-r<5#^tf>3Nffile] 

ONVmfchZXJ y^<Dtmm\-mffi&6 6a, 66b, 68a, 6 8bO|| 
^fcff -^-£j£ff Driver te Push-pull ^^$^fc p MO Sh7 ^v^S 
t-^Z0(i4 0 QT-fcSoff-^&^ffi-S Receiver teCTT^£tl/a^ 

So 

H 7 ^lfe#iJCO{f -^^v^^x AT'tt, 1 . 5 V^CO L S I 5 5 *»feft ^3HfS 
<f^l&{ft«OCTT^^^5}^L^6 6 a(^il^I^g^R6 
6 b OffiSr, ^t^tb^ft^;* 5 7O2Z 0 fc^S LA * 8 0 Q \Z.Wtl&tZ> 0 ftjft 
*8&t<0fl6te, ^Cgg6 6 a t 6 6 b <DM?itfiti^LW;:#>, #*#I^£3JC£|rK< 

* 5 7 £ asxf ^ ^^^-r-5 0 

£fc, K^'fV^fllfiJH-S nMOSF7 ^v 5 ^.^ 6 5b (D^->^i?r^(S]/^ 

* 5 7 <DW&-< Z 0 OT^fiS, m7L\Z 2 0 Q »3H3£ U pMOS h 

5 a (D^^gfctS: 3 2 G^aSS^S,, <fc 9 fCi~5 VOH2 
= 1. 10V, VOL2 = 0. 2 OViftl?, S$i«EEVr e f 2 = 0. 6 5V 
£fc5o -<Z>4§£\ S^lEVr e f 2(C>er6{t^-Mi|>S{itAteO. 45Vift 

1. 2VIOLS I 5 6^{f^i^frt-5^ % ff€^fS»CTT 
*S*&«^J5fc1-5JSffil&6 8 a (D{i£5.U^g^R 6 8 b <Dm*^tl^W35fa'<* 
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5 7©2Z0^U^8 0QfCK3&t-S o ttflHSfflOffitt, W68at68 

b nwwizm u ^m^L <b ^f6]/^ 5 7 <b aw >• t°-^v^^-r 

S h 6 7a <D^>1©5t^ N Ztl^tWXfa^X 5 7 O^-f ^t°-^ 

^ZO OT<7>ffi, #Rfc£ 2 0 Q fc^-r 6o CicDJ; 5 <5 <b , VO H l = l . 
0 5V, VOL 1 = 0. 2 5V£&5 0 S^tEVr e f 1 = 0. 6 5V 

liiEVr e f 2(Dm^~m-^ 0 ^-<OW&. lilEVre f 2fC 
^Sm-i-ISifgfiSAfiO. 4 0Vt&5fc#\ m-^^IfiS^^^^T^So 

ci j; p (c N ^n^^^^r ^ t°-y z o \m uc, ^asm^s, 

#K7-r^^^-^^tomSr^-r6r<bT\ &0&Signal integrity T*{f^£ 
^IX^So «M«EEVDDQte2im IflBEVr e f tel^-C^r 

A^mmzm 1 o emz < wi§ 0 ^ ^shv r e f <Dm&mmm 

J^VDDQ(Dl/2(Dfl|^e>^<-rt^TV^^V^<DT\ # K^-T ^(DpMOS h 
pMOS f7^^1t;nMOS F7^^^»ft^ 0 $ 

Amt]&mhm&x«% stub, mmmmm&tstLzmmzm^^z. t& 

EI2 6 (a) (i!HlffVDDQ=Vl^cOLS I 5 5^fjfl2llEVDDQ 

=v2^olsi5 6^is^mm-r?>m^(D^mm^^u ®2 6 (b) « 

V2S©LSI56^VlIroLSI55 ^ff ^£i2m^5#^^«H]ii&£ 
^LTVNS 0 ft*}, i2 6m Vl>V2-Cfc5 0 

^^c, fs-5§-&3£{f-r<5 K^^te Push-pull ^^£*WtpMOS h?^;? 
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MnMOS h9lsi?X*X*mj&£tl, fam&XhZm%fa/<X 5 7 (DiffikJ 
>t°—y>XteZ OX'&Zo fS#«rSfTf5 Receiver teCT'mtfS^tVCV^o 
£1\ 1. 5Vi(DLS I 5 5^<bfs#£i^-r3it£\ -ff#^ff»CTT 

»«BSiKRW-6«tt»6 6 a cKitStm^R 6 6b tomttinZM z o {cts: 
^SJCfrft^* 5 7 taw ^fc-^V^g^-f *o 

^57 <D#t£-r V tf— Z 0 ^T^i£, r r. TiiR Q U pMOSb 

6 5a <D*>4B&i&R 1 QI3S5£1-5 0 

roit, Rift 

R1=(V1 • ZO • Z0-V2 • ZO • ZO-K). 5V2 • ZO • R)/(V1 • R+0. 5V2 • Z0-V2 • R) 

V0H2=(0. 5V2 • Rl+Vl • Z0)/(R1+Z0) , 
V0L2=0. 5V2 -R/CR+ZO) 

Vref2=(Vl • R+ZO ♦ V2)/2(Z0+R) 

—jj, 1. 2V^LS I 5 6frhm-%r&&fWtZ>m&. ^^lffl!l©CTT 
3H«IS^^rS«fitS6 8 a OfiUlUqg^R 6 8b ©flfDSr^tvm 2 Z 0 ICfS: 
^-•5o iWtftcm W6 8 a t 6 8 b<»?IJfi£^LWc«>, «t^S 

fctmsfa'** 5 7 >tr— ^v^SE^i-So 

S h7^^ 6 7a (D^-^m.^, 5 7(D#i4-Y>'t 0 -y 

' V0H1= (0. 5V1 • R+V2 • ZO) /(R+ZO) 
V0L1=(V1 • R+ZO • V2)/2(R+Z0) 

Vrefl=(Vl • R+ZO • V2)/2(Z0+R) t ft 0 > Vref2 t~ ifcLTV^o 
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# \?7^s<(D*^m7i<Dm.%:s%7£-t-Z>Z.tX\ Mtte Signal integrity X\m^ 
4Si£T*#5 0 «^«EVDDQ(i2^, litEVr e f tel«TCi£ 

/J«I£El 1 2CD0IJJ: "9 < ItlSo g2pmf£v r e f (Dim^WWM 

£tU p MO Sh7 y^^MnMO Sh7 * /5^^3^»j^-r-5o £ 
El 2 5 Xit^m&V r e f Ofit£ 0.65 Vl^E— L/c0tJ3r^ K^-f 
CT«$tl, Push-pull » K7^f^^tt5 1 »J (01 0) 

%c$^ i. 2v^©ls i^hmm-^immmi<Dm^^m^<Dmi^ 
m 2 7 te^^ft -jus&^-t" 8 mim<Dmj&*ffrrtB}&mxhz> 0 

m27tel. 5V^OLS I 7 Ot 1. 2 V^(7) L S I 7 1 F^T* Single-ended 
m#Sr^i-6lsIl^!lTfe5o 027 (a) tel. 5V^LSI70^1. 

2vi©L s 1 7 1 ^ m ttmm^zw&<DmmE\fe%^v, m 2 7 (b ) » 1 . 

2 V^CDL SI71*»bl. 5 V^COL S I 7 0 —{I -^£i^f 3#^^f0[h] 
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*fc,-»-£&i£fltt-* Driver tt Push-pull p MO S h 7 *R 

XfinMO Sb7 >-^**T*lft/&£*b, &$m3&-VjbZMjjft'<X 7 2 <Z>#ifr< ^ 
fc°— Z0I44 0 Q-C'fcSoft-i-^fli-S Receiver «VTTi^JS^tV> 

i . 5v^©l s i 7 ofrb<Dmimfcm\,^tizvTTKn, &mm<D 1 . 

2 V^COL S I 7 1 OfSSiffVDDQ (1. 2V) <Dl/2X*h%0. 6V^ 
#^$tL-5o 1. 2V^LSI 7 lfrh<DT&m$\Z.m^btlZVTT\Z 

tt, ^ffffiiJ^l. 5V^OLS I 7 0^tJ!ltEEVDDQ (1. 5V) CD1/2 

^ 8 "$msM<DmttfR&y*7- J*-vn, 1.5 v^<d l s i 7 0 a^fi-^&iUfi 

772 (DW&A IS t°— y ^ Z 0 OTcDfC 09x.fi 2 0 Q U pMOSb 

7^^7 3a©t>«lr2 5. 4 5 Q \Z.WCfetZ> 0 Z<D£?KirZ>b, V 
OH2=l. 15V, VOL2 = 0. 20Vt^!), S?tEVr e f 2=0. 
6 7 5V£fc3 0 d<0»£\ S?lffiVr e f 2^*hfS«-ti®iBfltAttO. 4 

*>«V>tt, K7^^tttSnMOS h7^^7 3 bO^-V^tS:^ 
|r]/^ 7 KDW&A yf-^ZOOTOfi, 0iJxJi4 0 QKlSSBSU pMO 

S h7^^ 7 3 a©t«t4 0QKlfS!J£1-5o 5 VO 

H2 = l. 05V, VOL2 = 0. 3 0 V t ft V > S^tEV r e f 2 = 0 . 6 

7.5V£&5o -0>»£\ S?tffVr e f 2\ZMT^>m^mm^0. 3 7 

1. 2V^OLS I 7 l^e>«#SraSfgi"5»^, {S#SflM«|0>VTT 
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K9>fV<&«l/£*-3 pMOS h5>&X* 7 5 a©iyj®t^|fil/^ 
^72O«yk-^Z0OT©tt, #J*.fi2 0QfcaS3£U nMOSh 
7^^7 5b(Dt>®l?r2 6. 6 7Q{d^-f«5 0 ~COcfc 5 £ , V 

OHl = l. 0 5V, VOL 1=0. 3 0Vt^5 e tfc, S^PtEVref 1 
= 0. 6 7 5V£#?) N S^mi£Vr e f 2 ^jt(C— ffcLTV>-5 0 S 
?tffVr e f UzM-rZimS§rmmAteO. 3 7 5V^^5/ci6, ff-^^tlfifi 

fa^* 7 2 0#|4-r V Z 0 J^TOlifi, fliRtf 4 0 Q imfe U n MO 

S h7^^ 7 5 b (^t>«^4 0 QI^^-5 0 VO 
H1 = 0. 975V, VOL 1=0. 3 7 5Vi^„ SitEVref 
1 = 0. 6 7 5V£&i?, SWEVr e f 2<D{i£{c:-i&:bTl^ 0 ^?>#£\ 
g*SW£Vr e f l\Z.m-%iB-%-MmiW.MtO. 3 0V£&5fc#\ ff^^M! 

# s*<DJrl^&fii<Dm.*WLfe-tZ) w <tT\ Signal integrity "CftM!* 

fci£-C#£ 0 *7c, ®IlEVDDQ(42m SftEVr e f ttl^-C^r 
tf 0 £btC, ;^(fc#J-mg2fl®EV r e f =0. 25 (V1+V2) bteZk 
0\Z.WLl£tZ>(DX*m$m£V r e f <D&J$ l &mMX*&Z> 0 ^fAn 

HWVTTli K^^W^T yt°-yy^ti^«b £f2«^m»£;to 
V\ ffllEVr e f ©fi«IEVDDQO 1 / 2©t4^^t <"f 

(DKW>-y^p^ { c^^m{4^RWp$4x> pMOS h7^^MnM 



41 



HI 2 8 \z® 2 7 \ZJjk Lfcffc 8 |^^!l<D{f -^^v^t^ A^r-^^b U^lESS^ 
122 8 (a) (i®IWEEVDDQ=V 1 ^COL S I 7 0^f)®lflffiVDDQ 

=v2^©Lsn m^&xmtz>m&<Dmmm&&7FU 122 8 (b) & 

V2^(DLSI71 ^tV a©LSI7 0 -vfg -5§-&3£ff -TS^tf^MnlSSS: 

K^^r ^« Push-puii mmtstitip mo s h^>-^^ 

^M'—y^XfeZ 0 T*fc5 0 ff-^^ff-r^ Receiver fiVTT^C^^TVN^o 
V15JMDLS I 7 0/i)^^»^^f^-fflV^f 5 t^,§VTT^^ ^lti|OV2^ 
LS I 7 l©fi®EVDDQ (V2)©l/2tfc50. 5 V 2 riWS£*l5 0 

v21©ls i 7 ifrb(Dmmmzm\<^tiz>vTTKn, %:mm<vvi 

|©LSI7 0«tEVDDQ (VI) Ol/2T*^0. 5V1«$ 

vi^cdls i 7 o^^{t#^f-t-^)^, m^imxDVTTimft 

*Mf$TZ>mffi%5 7 4 omSr^ft^* 7 2 (D^-f >- t°-^^(D^iti CZ 
omtS3£i--3o UfctfoT, |**il^£3>C£l*K*;* 7 2£tfH'>'fcWV;*S3- 

772 (DW&J >t°—?Zs* Z 0 &CT<Dm. - - "CttR Q iC^SU V r e f = 
0. 2 5 (V1+V2) i: ^5 J: P p MO S h 7 >^ ^ 7 3 a ©t>^* 

RiQl£^-f-5 0 Rill 
R1=Z0(V2 • Z0-V1 • R-Vl • Z0)/(V2 • R-Vl • Z0-V1 • R) 

V0H2=(V1-0.5V2)Z0/(R1+Z0) + 0. 5V2 
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V0L2=0. 5V2 -R/(ZO+R) 

*>5 V Hi, K^-T /<&fflJ&~rZ> nMOS h7 ^73b tt'y&SV&Wy 

^7 2©»yk°-y^i:^i:Z0(«U Vre f = 0. 25 (V 
1+V2) ir^5J;5(-pMOSb7^^7 3a©ty®i^Z0(C^ 
5o lOtl €iIff^^^WOH2, n-)l/^VOL2(t 

V0H2=0. 5V1+0. 25V2 

V0L2=0. 25V2 

V2mSI 7 l*»fcfl|-»Srf3gfflH-5»^, «#£«fl!l0>VTT**S& 

K^^^SrfllRW-S pMOS h^v?** 7 5 * (D*l^m&W5\ft'< 
2 (Tffii&A is \£—<?ls* Z 0 OTOffiL r. r -CttR 3 Q fcWtfe U Vref 
= 0. 2 5 (V1+V2) t^5J:5l'nMOS h?>"i?X>* 7 5 b CD^^Igfct 
^R2QI«f§ 0 R2lt 
R2=Z0(V1 • Z0+V2 • R3-V2 • Z0)/(V1 • R3+V2 • Z0-V2 • R3) 

V0H1=(V2-0.5V1)Z0/(R3+Z0) + 0. 5V1 
V0L1=0.5V1 -R2/(Z0+R2) 

[n]/^ 7 2 y k°-^y^ t H CZ 0 l^t, V r e f = 0 . 25 (V 

1+V2) tt£Z>£?\ZnMOS b 7 ^ 7 5 b ©t>1gfel^Z 0 Cltf 

So I^t> filft^^WVOHl, c ^7 l/^/UVO L 1 fi N 

V0H1=0. 25V1+0. 5V2 

V0L1=0. 25V1 
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# K^-r '«D* > sj8&i<?M£&fetZ> ^t-C, Signal integrity 

^T^Sc ffiM«EEVDDQ«2^ S2p«£V r e f tel1WTi& 

tPo S$tEVref=0. 25 (V1+V2) 5 KIS^LT 

v^?)W-es^ilffi£v^ e f cD^^^x-fe^o -Tfr*^ v-^A=i* 

VTTIi K^-T '<*W ^ ^ t 0 -^^^TO^ £ £ $ tujfe v \ •£ fc, 

SiSmGEVr e f <Dim*mM.W£VDDQ<D 1 /2 tfMfi7>ib*:# < -f*l/tW«£V> 
OT\ £-K9^tf)pMOS h7^^WnMOS h^v^^tf) KW V 
-y— ^Mfc^/j^t(fiQ6WlP**L, pMOS h7^^^nMOS hv^ 

IH2 9»41. 5V^(DLS I 70tl. 2V^dLS I 7 1 f^t? Single-ended 
'ff^^-rSlHlSS^J-efo^o HI29 (a) f*l. 5V^©LSI70)5^1. 
2 V^<D L S I 7 1 ^fS-^^illfsi-S^<D^fflHlK^U. El 2 9 ( b ) 1 . 
2 V^©L S I 7 1 frb 1 . 5 V^©L S I 7 0 ^fs ^^MTtZ>W&<V%?tim 

HI 2 9 Til, «fc©«HC*5-Lfcl\ Uv— OFF»^ 

*fcjf Driver ft Push-pull ggffi p MO S h 9 ^ztXfR 

t/nMOS h7^^t^$^ ea&»K^fc53J^lRl^7 2©«H4>f ^ 
t°-^V^ Z 0 (34 0 Q-Cfo^oft-^^fsi-^ Receiver fiVTT^^tLTVN 
So 1. 5V^(DLS I 7 0;&>kO^B#(£^bft5VTT^te, £ 

flMWOl. 2V^OLS I 7 lOHtEVDDQ (1. 2V) <Dl/2-e&5 
0. 6V^$n§„ 1. 2V^©LS I 7 ld^oaSfOTlCfliVNbjh/ 

SVTTCli, S:fSfilJ<Dl. 5V^LS I 7 0©®ltEVDDQ (1. 5V) 
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% 9 W&fflPM ^^y^T J*X'i*. 1 . 5 V^<D L S I 7 0 frbittt&m 

7 2 1 y\?—yi/xm&tz>o 

£fc, K7^^i^5nMOS h7^^ 7 3 b (D^yWd&Wjfa'* 
^72 <£>43H4^ X tr— # l/* Z 0 OTtf>R mZJft 2 0 Q {^IS:^ U pMOS h 
7 y-^^ 7 3 a Ot«5r 1 1 0 Ql^mo Z.(D£ ?K1tZ> t , VOH 
2 = 0. 95V, VOL2 = 0. 2 5 ViftO, WS&t&V r e f 2 = 0. 6V 
£#5 0 -0>»£\ SmmJEEVr e f 2fctttZtB^mmMZ0 . 3 5Vt/j; 

— ft, i. 2v^©ls 1 7 1 a>k{i^&3ifrr5#3\ (i«mfliovTT 

Jte«&7&ifr*-5Jga3v» 7 6 OfcfcBCfrlRj^;* 7 2 yt-^Ofill 
D4 OQi^tSo Lfc^oT, iS^SS8^ti:^^^ 7 2i^ l/V—fTls 

Y^J^mtfCrrZ pMOS h7^^ 7 5a©tVjSi^E^l^ 
* 7 2<D!ffl±4 Z OOTrof, 0»Rfcf 2 0 Q^WS^U nMO S h 

JlsVTs* 7 5 b tf^l'jSetfc 2 OQ^5ti-5 0 r^i^-rs^ VOH1 
= 1. 00V N VOLl = 0. 2 0Vi:^o SitEVre f 1 = 0. 

evfcfro, Mmwzvr e f 2oijS(c— fH-^o d<&4§£\ mmmmvr e f 

1 ^W^f&WMAte 0.4V £ ^S^fe,«#®BMttSr^t^»»*C# So 

K7-Y/^^-V^t<Diit^^t-5 r. £ X\ &jfrt£ Signal integrity "Cft 
fig|"T?#5o *7c, «^«EVDDQfi2Sm, S$tEVr e f « l^Tigr 
tfo $ <b(^ *^6fe^!J-Ci«^«ffiV ref=0. 5V2i &5 «fc 5 lO&fetZ 
<DX«W&mEEVT e f <D£j&tiiSgM,X'hZ>o Tt£t>h, ^rA37 h£{g$<T* 
£5. «lEVTTIi2«^T*fc2)^ «iEVTT(j:K7^^/^ 
-T^tf— y^*t^fc*W^*HI»$iX<CV\, £7C. SiilBEEVr e £ ©fit 
^®!i®EEVDDQW 1/2 <om*t>±% < "fih/TV^V^-C, K^'^P 
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mos h7^^WnMos h 7 y^^o y- y-^^t^i 

(fcfl*NttP§*U pMOS h^v^&tfnMOS h 7 ^^^^WjtCl&f^ 
03Ottl. 5 V|(OLS I 7 0 £ 1. 2 V^©LS I 7 1 F^T* Single-ended 

m-%-*&£-rz>mfe&\T'hz> 0 m 3 0 ( a ) « 1 . 5 v^o lsho^i. 
2 v^wl s 1 7 1 ^ft ttmm ^%m&<Dmm&*7F u a 3 0 uo f± 1 . 

2 V|OL SI 71^1. 5 V|©L S I 7 0-Mf#£i£{si-5^<^tifiH] 

ON!«»t*57-Y ^<D*£^f#g#i3§7 4, 7 6(^tt^feT|5^UTV^5a 

* fc % {f-i-^^ft-rS Driver fit Push-pul 1 W$i £ tbfc p MO S h 9 > v 5 * 
tfnMOS h7V^^t«$^ te^j&^fcs^ft^* 7 2<D»y 
M^Z0(i4 0 Q-Cfc5ofB-^Sr^fBi"5 Receiver liVTT^ntV^ 
So 1. 5V^OLSI7 0W1. 2V^©LSI7 1ICft *VD 

DQf (1. 5V) ©l/2tfe50. 7 5 VMtEVTT t Lttlim 

^10 HS&#J<7Mf -^ea&^^^-Ctts 1 . 5 V&(D L S I 7 0 frbmf§r&T£ 
K9^^*«^1-S nMO S h7^^ 7 3b ©^^'JfiffiSrSCfrlRj'* 

^72 o^-r is M—fis* z 0 OTcofii, ^J^fi 2 o Q ic|S:S u p mo s h 

7V^^7 3 a^>1^tSr6 OQtcK^t-5 0 5 fc^St. VOH2 

= 1. 05V, VOL2 = 0. 2 5 V£&^ SWEVr e f 2 = 0. 6 5V 

^<d#£\ s«vr e f 2Km-z>i6-mmm.Mzo. 4vt^ 
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1. 2V^CDLS I 7 1 a»fe«-JHrigflr*-S»g\ ft^i»VTT 

£7t, K7^^<*r*^&t-S pMO S h7^^ 75a <D*>WrfL&mj7fa'< 
^72 <7)<Krl4^ ^ y ^ Z 0 WTaH& Mz-t£ 2 0 Q U nMOSh 

7>'v ? ^^7 5b(D^->^fett>2 0Qra^:i-5o wtf><fc5i;:1-5<!:, VOH1 
= 1. 0 5V, VOL 1 = 0. 2 5 V£#5„ *fc, S?tEVr e f 1 = 0. 
6V£ft«J % ffiWffVr e f 2 ©fiStC— Stf" 5„ i^i^, SWVr e f 

i fcttTzm-mmm a « o . a v ^ Kztz^ m^mm^^mkx^ 

#ll»!lTii, # h*7^/*<D*^m7Z(Dm&f!l®&VX 73a = 73b = 75a 
= 2 0Q, 7 5 b = 6 0QtC«:3&t-«r. £T\ X^RJEV r e f £>{itt£0. 7 5 

vizmfe-rz r t is pnirefc 5» -t<&*t£\ #n«Jte 1 . 5 v^<d l s 1 7 0 

W^Lff, Hi 9tC^b^2cO|^(D^(Dm-^^^^Ti4, ™^SS 
tS^SLS I HfiVDDQ|DW(&*nrv>ft, *3Qfe09«u *Hfll-BBg£;h, 

#. '<<D*>Wfc(Dm&ffl!7£1rZ> - £ T\ Signal integrity t?f& 

tei£T£5 0 ^»^J-e^ ®ltEVDDQ^2m HfitffVTT 

*S 1 S^fflffiV ref^l WC^o $ bt^ sjcHJg^lTiiSmmBEV 

ref=0. 5 V 1 t «fc 0 l3RJ&*-5fc«>£!p«ffiV r e f <D£j&t>mBX 

7^^© p mos b7^WnMos h7^^©Kwy-y^w 

I:»1©^JJ0$K pMOS h7y^^nMOS h7^^^ 
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in 3 1 i^MTO^7A(oi 1 1 mmm<Dffi!%*7frr\B\&mx»hz> (1 

03 llil. 5V^©LS I 7 0 t 1. 2 V^©L S I 7 1 ffl-C Single-ended 
{f^^-r^ES&^J-efe^o El 3 1 (a) tel. 5V^OLSI 7 0^bl. 

2vmsi 7 1 ^m^&mti-%m^<D*mH\&*^ u ia 3 1 (bmi. 

2 V^OL S I 7 1 frb 1 . 5 V^L S I 7 0^#&i£frT5#^WtH| 

*^ % fS-^«riHfflW5 Driver ft Push-pull gSift&ttfc pMOSh7 
f-^ZOI44 0 G-C&Soft-JHrSjrf-S Receiver teVTTi^£ftT^ 

6 0 $^{^ 1. 5viols i 7 oj)>tb<Dmm%\z.m\<^btiz>vTT\a-±^ & 

im\<Dl. 2V1©LS I 7 l©tffi(tEVDDQ (1. 2 V) ©l/2ffc5 
0. 6V^^$tt^ 0 1. 2V^©LS I 7 l^e?(D^fS^^fflV>e>tt 

3feWffil01. 5V^©LSI7 0W«EVDDQ (1. 5 V) 
cOl/2 T*&£ 0 . 7 5 V#W££*b3 0 
fll ^»!l<^t-^^l^7 i ^Tii, 1 . 5 V^<D L S I 7 0^ bit 

* 7 2 ©«H4>f V t°— *V * Z 0 WT<«, mZJf. 2 0 Q KJSSfe U pMOSh 
7 7 3 a Wt^^ 3 2 Q I^£t5 0 Z<D& b VOH2 
= 1. 10V, VOL2 = 0. 2Vt*!), iftEVref 2 = 0. 65V£ 
;L<0#£\ l¥tEVr e f 2^m"5f9#«#Bfli[AttO. 4 5Vt^§ 

-2t\ 1. 2V^LS I 7 lj&»bte#«:3&fr$-S»S\ -fff-^fsffiOOVTT 
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K7^/^S^5pMOS hv^i/X? 7 5 aCD^^J&fct&tfnMO 

s h7^^ 7 5 b©t«^mm»^ 7 2 0^-r>-t°-^ 

XZOWfe 0lRfi2OQ{^jef So ^£51-1-5^ VOHl = l. 
05V, VOL1=0. 2 5Vt^ G ^PSBEVr e f U30. 6 5V 

fcfctK S^miEVr e f 2(7^it^— SfirT^o -<£>$§£\ SitEVr ef ll: 

*j-r sit -i-tgi^t a o . 4ovt testis m^mw&*%9r\zmkx*% s 0 

3- ^^^->^:«:Sr^-r^) r tX\ Signal integrity XiW^r* 

fcmX%Z> 0 igtEVDDQ^2m S^tffiVr e f #S 1 «!Ti£ 

/J^fpS^E 2 7 (d^ Vtzm 8 <9 < miZ 0 £ £>K> »1EVT 

T3* 2^^^T**?5^s JISiEVTTIj: K7^aW>f ^V* W 
<Z)i:t{im^^M»$n^V\ SilEVr e f tfHfi^SflimEVDDQ 

(7) 1 / 2 ^{fi^^7^# < TtVCV ><DT\ K^-Y ^<£> P MO Sb7 ^v** * 

n mo sh7y^©KWy-y-^ p^^##^fcWAn £ H> P M 

OS h7^i?MnMOS h7^^^^^Wj(-fi,f^i-§ 0 AW 
^#t<«-e£6*:*6 N i^3i»)^^$t^6IHIB§^v^5r b&X£Z> 0 

in 3 2 frt^e^^f -i^iix^-T" 1 2 mmm(Dmf&&7F-r®&mx*3bz> 0 

i32lil. 5 V^OL SI 7 0 £ 1 . 2 V^OL S I 7 1 F^"C Single-ended 
m%-&&&-tZ>\EimMX~3bZ> 0 EI32 (a) ttl. 5V^©LSI70^1. 
2 V^O L S I 7 1 ^{f^^f 1-Z>W&<DtgiME]&&7jk UB32(b)ttl. 
2 V^<D LSI 71^1. 5 V^CD L S I 7 0 #£i£fli-S4§^<£>#PfflH] 

£fc, El 3 2Tii, «te<^e:3r-£L&V\ OFF»7>f 

ON«$,5^ y^<D^t{it(*^l§§7 4, 7 6<^^&TlEiicL-CV^ 0 
£fc,{f ^*%mt% Driver # Push-pull g§^£*Ltf: p MO S h 9 >-i?*?R 
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T>*nMO Sh7 l/^XfZm&Ztl, famS&X'foZMJjfa'** 7 2 flJWt&Y > 
M°-<!fls* Z0tt4 0 QX'hZoitttgiit'fZ) Receiver ttVTT«^tl,TV> 
$ 0 1. 5 V^<DLS I 7 O^^^^f^fflVMbtt^VTTWi, ^ 

{SftlJ^l. 2V^LS I 7 KDtitEVDDQ (l. 2 V) C0l/2T*fc5 
0. 6Vtfim£frZ> 0 ^fc, 1. 2V^©LS I 7 1 ^^^CD^fs^^fllV^biT/ 
^S#JC01. 5 V^OLS I 7 0<£>®SC®£VDDQ (1. 5V) 
(Dl/2T*fo50. 7 5V«» 

ii2 %mm<Dm -^^v-^^ A-cis, 1 . 5 l s 1 7 0 a»e>f§ -^-^ 

im1-Z>W&, V^J/^mtftfrZ pMOSh7 ? 7 3 a 

MOSh7 7 3b 0^-i^t<7MS^^[6]^<^ 7 2 (D^M ^bT—^V 

* fc, «ft W<D V T T«^r^i-5^^ 7 4 m«2 6. 6 
7Q(^^-TS 0 ^(DXolZ-tZb, VOH2 = 0. 9 6V, VOL2 = 0. 3 
6V£&9, £i«EVr e f 2 = 0. 66V£&5 0 SWVr 
e f 2 ^*j-t-<5ff -^^*Iflt A 0 . 3 3 V t is -^Ifg&^-W^ 

1. 2VIOLS I 7 1 7)>ibm-^£iHft-<53#£\ K9-r^«rflt^1"S 
pMOS h9>S?X?7 5 a(D^-V®7tS.TJ«nMOS h7^^7 5b^ 
^t<^tt fc^l^:* 7 2 tf)^^ ^ t°— ? is* £ 1*3 C 4 0 Q KlKJ&t- So bfc 

Sfc, ft^«ftiJ<DVTT^^^i-S^t§S7 6(Dm^ «*.tf6 0QKl 
^•f-5„ Z.CD£?K-fZ>t, VOHl = l. 0 2V, VOL1=0. 30Vt 
t£% 0 litEVr e f 1^0. 66V^j;^ SitBEVr e f 2®fi 

^-i£rr$o :i<£>4§£\ ^llffiVr e f UZtttZte^fflmbftO. 3 6V 

z.<d£o\z., &$m3&(D'fflk4 yk°-^ z o justice, &m%m&i<Dm., 

& Y?^ /<<D7>r^mfcDm:Wt'&-tZ> ZLtX\ mi-te Signal integrity Xis^ 
fc&X%Z> 0 ®HllVDDQft2Si, S2p«EVr e f ttl^St^F 
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Jfe^-Ctt, SMffiV r e f <75H»S, @li)EVDDQ(0 l/2Wi»»5)** < 
-ftt-CV^V^-C\ #K9^<OpMOS F7^WnMOS 
^kk y— *miZftftt£n&Lt>*m\l£1n, P MO S h 7 ^v 5 * n 

IH33fil. 5V5&<DLS I 8 0 t 1. 2 V|OL S I 8 1 F^T* Single-ended 
fI-J§-&^-f5[aB&#J-efo£o EI 3 3 (a) ttl. 5V^LSI8 0^1. 
2 V^©L S I 8 1 — m#Sr^f •rs^^^ffiHISS^U H 3 3 (b) t4 1 . 
2 V^<D L S I 8 1 frh 1 . 5 V^CD L S I 8 0 ^ft ttWM -rZ>W&<DmSa\Ei 

* fc N fg^jUfgi-S Driver fit n MO Sh7^W t?#J& £ tLfc Open drain 
Hl^-Cfe 9 (Open drain MO „ 8 2 <D#tt-T V 

01*4 0 Q-?£>5 0 fll**r5MH"* Receiver ttVTT*lfla&;ivCl>5o 

i. 5v^<dls i 8 0frtb<Dmm\zm^btiz>vTTia^ &mw<D 

1. 2V|©LS I 8 l(DliiEVDDQT*fc5l. 2 VdW&$tbS„ 
1. 2V3^LS I 8 l^b^^fsB#^VNb^VTT^«, 5HSffid©l. 5 
V^©LS I 8 0<D«8R«BEVDDQ-efe5 1. 5 VtfW&^HSo 
^13 ^Jg^J^-^e^^-^^Tii, 1 . 5 V^tf) L S I 8 0 j&>fc{frJ§^r$H 

K7^^ififet5nMOS h^v?** 8 3 <D*>j&&i&W?fa/<X 
8 2 ©Wtt^f V t°— V^X Z 0 ot^x 0fl*.ti 2 0 Q tC^-T5o C O «fc 5 m 
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TZts VOH2=l. 2V, VOL2 = 0. 4 0 V fcfc <9 , W$W£V r e f 
2 = 0. 8 0V<t&S o ^.(DW&s Wm&Vr e f 2(C^3ff-^gifigtilAte 

o . 4 o v i: taztz.^ m^mmzftMm&vz z> 0 

1. 2V^OLS I 8 l^^f-^-^fi-5#^, {f-^fftfUJtfWTT 
^£^&^3}&7i^8 6 (^6*^^^ 8 2 ^fcT— y^GHfc* R 

C4 0 QOTt-TSo L^oT, ^ilffl^it^^^ 8 2 taw ^tf—*V 

8 6 Ql«f5 0 r<7)J; 5 tH^S VOHl = l. 5 0 V, VOL 1 = 0. 
1 0Vtft£ o *fc, I¥lEVr e f 1 = 0. 8 OVi^O, SHiflffiV r e 

f 2om{c-iH-5o^o^s^«ffivr e f i KM-tzm^mmMt o . 

LSisoii. 2v^©ls i 8 i t\z.#mtetr?is K7"v — wz-fZbzn) 

-tZ>W&, 1. 5Viitl. 2VflMir^^my^-^K5fcco^§^bT 

ro<t5{-> «B«tEEVDDQ^S8Sfe$^xytVTT3|««iS % Open drain 

Y74^<D*lSm.(Vm$:±fflD «fc 5 te&J&l-* - £ T\ ft Signal 
integrity -CfS#Sr^-C# 3„ *H*i^|T^®^«BEVDDQ^ 2il, 
SMffiV r e f # 1 «SrcSFtft, £*WtEV r e f ttO. 8V= (2 

/3) V2T'fc^cOT'Sip«IEVr e f (D^^S^T'feSo S^if 

^*b»©i#W«*J6S«»*iX*V\ #K7^^nMOSh7^^ 

kw ^-y-^w^^«<i^Riin^n<5y u ci^, nMo s h^v^a* 

^bWJtc«]{^rSo Skin. AW^*^^-C#5^ii), ?«5iaBmW**tb 
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034141. 5 V^OLS I 8 0 t 1. 2 V|OL S I 8 1 PfflT* Single-ended 
{f-^&^-rSmi&Mr-feSo HI 3 4 (a) tel. 5V^(DLS I 8 O^ibl. 
2 V^O L S I 8 1 ^fg^&j£mi-£#^^^*&£^ UE!34(b)l4l. 
2 V^OL SI81^1. 5 V^(DLS I 8 0^^&&X&tZ>W&OM®m 

EI3 4Ti4, S{4<^{C^b^V\ U->- ✓<„ OFF»^yf, 

ON^iCfc^^^ ^O^fj£f3:}&jft^8 4,86 (D\m^^>x^m\^x\^o 

* fc N ft -5§-£j2Hf Driver n MO S h7^^ -e$l$c $ ttfc Open drain 

m&xh «9 , fcgms&xfozMfa^x 8 2 o^tt-r zoi^oq 

-Cfo^o -ff^-^f-r^ Receiver teVTT^£*VtV^ 0 fcfcj, 1. 5V^tf> 
LS I 8 0^^<Di^^sB#^V^^tt5VTT^c:(4, SfS «lO 1 . 2V^©LS I 
8 KDmMmBVDDQtm^l. 2 VaS^&ft'So l. 2V^LS 

I 8 1 ^^^i^f^fflVN^nSVTTfa^ SfEHBflW 1 . 5 V^cDL S I 8 0 
(DmmjZVDDQtmCl. 5V^ft^^5 0 
f 14 ^£jfe#»Jtf>ff #^1^^-^ ATi4, 1 . 5 V^tf) L S I 8 0 

K^>r ^^^^r?. nMOSb7 8 3 O^^^i^^^^ 
8 2 (D^-r V t°— ^ Z 0 WT<^lt> 4 0 Q ^^-f--5 0 r OJt ? (d 

i-6<b, VOH2 = l. 2 0V, VOL2 = 0. 60V£&9, S$tEVre 
f 2(40. 90Vi/jJ5 o i?lEVr e f 2 (£^$<f -^IffiA 

teO. 3 0V£ft5fctf\ ff^^Ifi££;fe#^a{fcT*#3 0 Aft. 
S S T L - 1 . 8 XMfeZtlt^ mm&V r e f d^TTS U^VU (0 . 2 
5 V) (Dflt^l^t-r^o 
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— 1. 2V^CDLS I 8 lfrbm-%-&mWtZ>W&. ff^:{f{&lJCOVTT 
«£^/&1-£}g£n2g8 6 ^^^^8 acO^-f'^t-^^^^IWl 
C4 0Q(C^i"6o tfc^ot, UMi^^]/^ 8 2 t ^ y 

K7^^^«^TS nMO S hv^i/X? 8 5<D*l^&n&W3ift'<* 
8 2<7)^^t°-^>'*Z OOT<Z>R 0iJ^«4 0 Q^tg^-r^o p{d 
t5t, VOHl = l. 50V,VOL1 = 0. 7 5V^j;^ ^PtEVre 
f 1 it 1 . 1 2 5 V <t SmmffiV r e f 1 {d^f-t^ff -^^1^ 

a«o. 3 7 5vi^fcfc, m ^mm*%Mm&x*% z> 0 

#£»J-Ci^ SitEVr efUVref2 tfr-gtLfo^K ««EE 
VDDQ^2m S2p«ffiVr e f ^ 2SgtT*fc3fc#>, flMO^i LT« 

wtDi^l:, «MmffiVDDQfd^£;ft7-cVTT«, Open drain h*7 

\?74'<<n*i^mfi<Dm&±^<D £ 5 fcis^-rs - £ *c% signal 

integrity -Cif^^-C#5o ®|«EVDDQ^2m S^flffiV 

ref^2TOT?^rtf 0 I$lEVr e f 2tt0, 6V1 (0. 9 V) 

£>5VN(3: (3/4) V2-e&<50-?g2fim!lVr e f 2©W^t*$)5 0 

— SWffiV refill. 125 VT'fcS^^ S^TOEEV r e f 1 ^ 
B{-3E$cLtfLVv!t3l;3: % K9>T s<ZffijfctZ> nMO S hv>^**8 5<D*^& 
M2 0Ql^ftl«J:V\ -€:<£>#£\ VOHl = l. 5V, VOL1 = 0. 5V 
bftV, mmWZVr eflfi (2/3) V 1 bteZtcfr, SSMgEEV r e f 1 
<a£j&/$^^&5 0 iilUVr e f 1 SrSmmEEV r e f 2 (=0. 

9V) iZ—B;£l£Z>m&te, K7^/^ififet5nMOS h7^^8 5 0t 
^g^t^rl 0Q|utnHt<i:t\ -€r<E>#£\ VOHl = l. 5V, VOL 1 = 0. 
3V£ft9, Sm«JEEVr e f 1«0. 9Vt^5 c ^CO^f^ JhfEO. 6V1 
h^Ht (3/4) V2Tfc5fc^ ^(-^cT^So iot, ^7i^^ 
h 6 G *fc, «mEEVTT(iK7-('^W^^t 0 -y^^cD 
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El3 5(il. 5V^OLSI90M. 2 V^O L S I 9 1 ^T: Single-ended 
ft^^-f-SllII^IJ-efoSo EI 3 5 (a) tel. 5V^LSI9 0i>?)l. 
2 V|WL S I 9 1 ^^&&mtZW&<D%HBB®&&7fi Ulg35(b)«l. 
2V^©L SI91^1. 5 V^CDL S I 9 0 -Mf ~*T Z>W&<D%mm 

ONtll:fc5^ y^<n^mi$G&Q&9 4,9 6 <D^{^«?T|5^b-CVN5„ 
* fc, m^-Z&it-rZ) Driver W Push-pul 1 W$i £ Hfc p MO S h7^i?*?R 
t/nMOS h7V^**-(?«J&£*U fei^lK-CfeS^lR]^ 9 2<D#|4-r^ 
t°-^>-^Z 0«4 0 Q-C*>Sof§#SrSf3i-S Receiver liVTTJteflB^tW 
5„ ft*5 % 1. 5V^©LS I 9 0^b<O5ifi^fflV>P>ttSVTT^^ ^{f 
ffilj^l. 2V^OLS I 9 10®l®EVDDQirPCl. 2V;3WS£*L5o 

1. 2V^OLS I 9 lfrbCDmtB&F^m^tlZVTTia^ SfSflfl© 
1. 5V^OLSI9 0©tiSiEVDDQtliCl. 5Vd5#^&$ttSo 

^15 HJ£^|Ofs#^^^^-e{*, 1.5 S I 9 0 j&>&flH§*i£ 

flH-<5»£\ K9^/^Mt5pMOS h7^^ 9 3 a <D;*->1&fct&X*n 
MOSh7 9 3b (DXZ^^Dm&Wjfa'** 9 2 0#t£^ ^t°— ^ 
^IHC4 0Q^iS:^-rSo UfctfSoT, Vv'f'^jr^tgftZbWjfa'** 9 2 

taw ^tf-y^»^t-s 0 

{f-^{f{|lJ(DVTT^^^-r5i«^9 4^t^ I^|S]^9 2 
(DSem-Ot 0 — ?>X£Lk<Dm. ^1J^2Z0 = 8 OQ^^i-So rtfJj: 

VOH2=l. 40V, VOL2 = 0. 40V£ftt9, S$tffVre 
f 2ttO. 9V£&5 0 . ffillEVr e f 2»C^-5flT-3«WttAW: 
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0. 5 0Vt/i5fcft, fe-%ffiM&%&fcVmx*£ Z>o 

fe*3, JSiftBS 9 4 tf>H£tt 6 0 QmzffittZ ZthX*£ ZtiK Sm«EV r e 
f 2<D^***^i - 6fe*. »SH»9 4O|jB42Z0 (8 0 0) mtt^i"*© 
^(Dirt, lilEVr e f 2te (V1+V2) /3r#^ 0 

— i. 2v^ls i 9 i^h\t^^m-t^>m^, Fv^s^ffifc-fz 

pMOS h^v^** 9 5 afDt^Wt/nMOS h^v 5 ** 9 5 b(D^ 

o«KH4-f yf- ^^SUiOitx 0iJx.fi 2 z 0 = 8 o QteBKfrrSo r. tf>£ 5 

VOHl = l. 3 0V, VOL 1 = 0. 5 0V^i5. £SJW*I£ 
Vr e f lfiO. 9Vt<fi9, SitEVr e f 2 Id— iScfSo r<E>*§£\ 
fUEEV r e f 2»C*fr1-5flH§»imtAf40. 4 0Vtft5fcft, f&^®HMi[S:^5 

fc*5, |g#L§§ 9 6 OUtt 6 9. 1 Q^tOR^t"* - £ fcTt 5/^ £*(!«ffiV 
refl (Dtkj&ZmM^iTZtilb, tm%s9 6<Dim*2 Z 0 (8 0 Q) JOW^f 
5©3&S»*L,V\ IWt^ £Jp«I£Vr e f If* (V1+V2) /3tibJl 

1. 5V^OLS I 9 0t 1. 2V^<7>LS I 9 1 tl^ii&^^K^W-^ 

DDQ^y ^iKJfeo^&^i-si!, 1. sviiii. zvw&tttti^ 

r<D<£5^ «S«EEVDDQfcg8tt$tbfeVTT|l|«fts ^Push-pull h*7 
K7^^^^-i^L(^XiiSr±fEO«t 9 ld»J£i-5 - <t t% Signal 



56 



integrity Tis^&fc&T'Z 60 *fc, *m6.MW±Wmj£VDDQ& 2Wg. 

mmmjzv ref^i m%x*fett 0 £ ^mmmxnmmm^v r e f z (v 

1 +v2)/3 «t o iz.n7£-rz><DT°mmnmv r e f <d&j$&&m-v&>z> 0 

IH 3 6 te33§l^f ^ea&^-T-A^JS 1 6 ISi6MO*^$r^-|nIJ^|g-Cfe-5 0 
E3 6ttl. 5VIOLS I 9 0<h 1. 2 V^cOL S I 9 1 HT* Single-ended 
ft#Sr^-rS[UK0!|-Cfc5 o E|3 6 (a) fil. 5V^(DLSI9 0^1. 

2 V^O L S I 9 1 -.{g#^aifrf-S#^^^«H]j^^ U El 3 6 ( b ) it 1 . 

2 v^ls i9i^i. 5 v^cdl s i 9 cwt ^*mt-rz>m&<Dmmm 

EI3 6"m % «fifc®flStC*F#-LJteV\ U«>— ^ OFF^iO^yf, 

^fdjt-^^o^ft-rs Driver Push-pull ^KStbfe p MO Sh7 l/*J* ?R 
UnMO S h 9 >i?X*-cm&£ti, foZWtt'** 9 2 <D*mA is 

Z0(i4 0 QT*>*o-©#S:Sfrt-S Receiver ttVTT^^ltV> 

w<di. 2viols 1 9 ite&ifeztiznmmmvDnQbffiKi. 2vtm 

IfcZtlZo 1, 2V^©LS I 9 l^fe0^f^fflV>f 5 n'5VTT^« > 

^f»l. 5V^CDLS I 9 OiZimZtlZmffiWZVnDQkmCl. 5V 

Ml 6 ^M<Dm-ftf5Mi'x J rJ*x*l-Z, l . 5 v%k(D L s I 9 o d»6>flH3*a& 

•ff^m{i|C0VTT^^^i-^^ ! C^9 4(D'fit^ > 3JCfr^^ 
9 2<D#tt^^t o -^^<7)fit < i:|WIC4 0Q{c^-t-S o tfc^ot, «^ 



57 



Shy >-i?X# 93b <D*>18fa<Dm:ffl3fa'<X 9 2 <D<mk<J fV—PfX Z 
0^1/2T*5 2 0Q^m, ZtoiLofr-tZk. VOH2 = l. 4 OV, 
VOL 2 = 0. 4 OV^j: «9, S2pflffiVr ef 2{i0. 9V£&5 0 -<W3\ 
S2p«j£Vr e f 2lZ*frZi3%ffiSM&b&0. 5 0V^<j:5fcfc, {f-^^Mfi 
«T^Ky»»-e#5. SilEVr e f 2tt (V1+V2) /3t1# 

i. 2v^wls i 9 i*>e>flr*«sfln-*»^, ff-^miia^vTT 

It ^Sr«^i-5p MO S h?^i?X*9 5 aOtfl'Jfflft&tfnMO 

Sh7 9 5b <^^gJ5t<M£33C&ft^;* 9 2 <B«H4>f >-fc°— ^V* Z 
0(Dl/2ffc^2 0Q(^^r5 o rOi^t-tSir^VOH^l. 3 0V, 
VOL 1 = 0. 5 0Vi:W o IftEVreflliO. 9Vi:#9. g 

itffVr e f 2<DfittC-ifirr^o £<£>#£\ Si»r e f 1 t£*Ji-5{f-§- 
aaWAttO. 4 0V£&5fc«>, fi^^Ifit&^#t3?fe&-t?#5o r<75££, 
S$tflEVr ef 114 (V1+V2) /3X«%bfrZ> 0 

r<£>«fc 51-, t!tEVDDQI«$^cVTT» Push-pull h*7 

K7>f >^<E>tlDSr-bfB<& J: 0 mtS^f-S - £ *t\ Signal 
integrity ^#£^T#5„ It ®lflffVDDQii2m SPHEV 

r e f fil«TCi£iP 0 ££>^ 3^»m2&W£V r e f ^ (V1+V2) 
/3 J; 5 ^^i--50T'S2i«EEV r e f o^as^-Cfc5oi"fc*>^ 

— ^^*MB©t*r±«*3&s^gtl^i:V\ &£5, ^H5g^!lTi4S^«/£V r e 

m 3 7 kei 3 6 ^ utai 1 6 wm<rm j fT&^^j± L,izm&& 
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E137 (a) fiHtEVDDQ=Vl^©LS I 9 O^MIEVDDQ 

=v2^cdls 1 9 i^tt&mi-zm&<&&m&&7FU S3 7 (b) it 

V2|©LS I 9 1HV1I©LS I 9 0^mtti£i$i-%W&<D%ffim&& 

fc*5, El 3 7 Tit, Vl>V2t*fc5„ *fc, «{4<7)M(-^b^V\ U-v— 
A O F F tmn^ flNBHrnWoW^ V'tr— ^^*a»tc|SB£Snfc 

■f5#^T»>fit(^i6Tl^ LTV ^ 0 

ff-^£j£{rr5 K9>T>*W: Push-pull gS^^^fc P MOSh7 
RXfnMO S h 9 V^^T?HWt**U GSma&'ZihZWSfo'** 9 2 OflH*^ 
^fc°— ^V*&Z Ot'fcSo 'ff-^-Sr^f-r-S Receiver [j:VTT«$ixTV^ 0 

I 9 l^^Six6«R(«EVDDQi:|R)CV2dStt#&§ixSo 

LS I 9 l/6>p3<^i^ft^^fflV>bttSVTT^^ gf&flOOLS I 9O0®II 

-rsjg^css 9 4 oflite, ^ft^* 9 2 <D#f4-r ^M°—y^<Dmtm c z o 

*fc, Y=7A s<%MjfcrZ> p MO S h 7 9 3 a ©ty^t^nMO 

Sh7 * 9 3 b O^i^^^^^^ft^ 9 2 ©«N4>r ^ t°— y ^ Z 

ooi/'2(ci^i-6o r.©«fc 5 

V0H2=(2Vl+V2)/3 
V0L2=V2/3 

Vref2=(Vl+V2)/3 

v2ms i 9 1 ^hm^mwt^m^, mn&mwovrTim 
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S h 7 ^ 9 5b (Dti-^m&inmZMjffa^X 9 2 CO^HSm' ^ tT-^V* Z 

V0Hl=(Vl+2V2)/3 
V0L1=V1 /3 

Vrefl=(Vl+V2)/3 

Vref2 fc-Srf-S. 

r©«t5^ «R«EEVDDQHlfiSK$*LfcVTT3MfflS, W Pushful 1 K7 

K7 >T /<<D*l^8t7i<Dm&±$e.<0 «t 5 teflS5£1"5 - t T\ Signal 
integrity -Cm#Sr^-C#5o £7^ «S«EVDDQt4 2«g& WV 
r e f 1 TOTi^tPo $ bt^ ^^5S^lJTi«2p«ffiV r e f *S (V 1 + V 2) 

^jwi^^#ttm** s ?i»*ivfcv\ fc*5* *mmm-s.mmn&v r e f <dm 

tfS«K«ffi V D D Q CO 1 / 2 £>4> L-f *VCl > 5 ^ &IM £ tt* b 

v\, 

El 3 8 teEl 3 7 bfdf^^l^7^-efflv >§SSp®£^[H]^C0«^J 

03 8{d^iHI{^^ SHWtBEVr e f £ U"C Vr e f = (V1+V2) / 
3 &&J&t%\E]3&X*&> 9, 1213 8 Attffl»SR t 2 RfDW^s^th^H 2 ofo 
/B^TfflWtEVr e f Sr^J5fe1"5M, El 3 8 &fe\U&R<D4^(Dmn%&tm£ 
2Rtf>2o<Djg^££ffiVvraB«BEVr e f Sr^rS^fc-So %Wrn%5 

5^fflm^«^-eSm«ffiV r e f S„ 
El 3 9 i«3PJ!(D{B-§-^^xA<^3 coi^^S^ltJ&^i"^* 
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ei 3 9 \z.7Fi~£ o sg 3 (Dmmmm<Dm^m^TM^ i . 5 v%k<D 
¥mmm®&mw. dsn iooti. 2 vx<D*mmmm&mw a s 

1)10 1 £tf^^T*&5^fa^;* 1 O 4X*W&mfc£ft. 1 . 

2 v^cD^ft^ms&gtt (lsi) 101H. 2 v^^mmmmz 

ffi (LSI) 102 <b75^||^§x*fc6^f^^^ 105 X*Wm$miStltiffif& 
Xh% 0 1. 5V^CDLS I 1 0 0 t 1. 2V^©LS I 10 1 itt, #!jx.f'£D 
IMM1 0 3^^^tt6 0 
LSI 10 0, LSI101, RXfL SI 1 0 2 fit, ^H-^tvFIH^O h*7^T 

^^fe^^ft-^^l^^xA-efi, £-L S I \Z.m$rtZ>Wmj£V re f A 
OflfcdSPI— Cfc 9 , ^rtf^S: 0 . 6 V 1 mz&&*%> - £ "C&MffiV r e f A 

VDQi^m SHiEVr e f A# Hffilgfcl/jiSfcfc, ->XfA3^ h£r{& 
«^C#5o ^HWfSTi*, D I MM 1 0 3^#t^S«CSffiVDDQ^2« 
»!l/j553iS, D I MMWi*^TA©i^^®tr-| 5 0 £fc, #LSI(i 
P C B _b(C^fe$tvTV >T h X V \ 
H4 0I1 MO§^^tA^ l 7llS6^jO«fiK«r^rillKia-C& 
5 C ft*3> E! 4 0« Single-ended m^^irt-6> 16 3 ©!Sfc<Z>^<^H5 
A^WJT'fc «9 , El 3 9 \Z?jk Vtcmftf5&i/X<rJ*<DWm&V r e 
fA&0. 9V^a93&f-5WSr^LTV>S 0 04Ottl. 5V^LSI 

lOOtl. 2V^OLS I 1 0 lW^-#ea6SrfT5 lSBS0iJ-e«>5o 814 0(a) 
ttl. 5V3ROLSI100i»bl. 2V^LS I 1 0 1 ~43*S:i£flH"5i& 
^^ffiUJS&^L, 040 (b) ttl. 2 V^©LS 110 1 1 . 5V^ 
OLSI10 0^-i-Sr^frt-5^(D^«[HlgS^L-CV>5c 

ON!Ki(:fc5^^ y^^t^fijg^l 0 7, 1 0 9 (DmK^xsem.vx 
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I « 

£7^ft-i§-£i£frt-5 Driver ttnMOS h 7 ^**T'«J&£tlfc Open drain 

®&-?*> «9 s eaaftte-c*)*^^^ 104 ©4et4>r v t°-y z 0 « 4 0 

Q-e&$ 0 flHH:gf3f5 Receiver fiVTTi|*iS$nTV^ 0 fc*5, 1. 5V^ 
©LSI 1 OOd^Oj^fS^fflV^fjttSVTTJCtt, g{§{flj<£>l. 2V^(DL 
S I 1 0 1<DB^«EEVDDQ^I^C1. 2 VtfS#aS&$;Jx5„ 1. 2V^ 

©LSI10 l^^CO^fgH^ffiVNfett^VTTtai, ^flllJOl. 5V^OL 
S I 1 0 0<DWfcW&.VDDQbfflCl. 5Vtf$y&£tl& 0 

mi 7 mmw(Dm%-&£^7 L j*x*i^ 1 . 5 viol shoo frhm-fir* 

K7^£^/#-f-5 nMO S b7^i?X? 10 6 (O^r^mfi^Wj^ 

0 4<Dmk^ >t°—y^x(Dm.tffiC4 oQt-is^-rSo^^K-rs^ 

VOH2 = l. 20V, VOL2 = 0. 6 OV^^!), SPtffiVr e f 2^0. 
9 0V£#5o SW£Vr e f 2KM^-^it^mmW.^nO . 3 0 

v^^^fc*, m^mm*%9r\vm&x*%z> 0 iitEvr e f 2^3 

/4 (V2) -C#t>ix5o 

1. 2V^C9LS I 1 Ol^bflfSrMt^, m^imi<DVT 
TmtiZfcf^ZffinMl 0 9^it?r^|R]^^ 1 0 40)^4 >K°—?^X(D 

mtm\^4 oa\z.&m-z> 0 u^ox, m-mmtM^y<xio4tiu^ 

£fc, K7^^i^t5nMOS h7^^ 1 0 8(D^-^mn^, Wx.te 
1 0 QiZ.Wt7£tZ>o ^(DXolC-rZt, VOHl = l. 50V, VOL1 = 0. 
3 0V<hft5 o ^ptEVref 1^0. gOV^i!}, SftEVr e 

f 2om^~ m-z>o^<Dm&.Mmw£v r e f 1 ^m-sfi-wt^it a « 0 . 

^ft^* 10 4 _k&iff&Jx5lf-*§-(D y ^->^<7)^S^, 1 . 5 V^ 
©LSI lOOtl. 2V^OLS 110 1 ^K^Sffift^v KtV— v£1~£o 
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m^mEEVDDQ^^^nfcVTT^, Open drain 

4 s«D*>15&i<?tt& ±$&D «fc 5 l£t9j£T5 w <*: "C\ * Signal 
integrity -em-9-«rea|-C# S„ Wi«£VDDQtt2«^ S«KV 

ref^lTOT^tfo SWEEVr e f 7 5V2 (0. 9 V) 

S2p«EVr e f <£><tt<Sr^m!EVDDQtf> l/2<^<fc *) WtM 
flQ6SH«IO$tU nMOS h^^XftiSgmftimm-Zo AtitfjWft 

04 1tt, ^PJ^fl-^eSI^^ A<£>^ 1 8HS6^jOfl|Rfe«:^1-|llK0-e*> 
So &*5 % 04 1« Single-ended ft-^-Sr^frrS> M 3 (D^<Gf&l(BfDiB-%& 
^^tA©^"C& 9 % HI 3 9 Ufdf ^HS&v^T" A<D£*fS«ffiV r e 
fAlrO. 9VjC^-rSM^bTV^ 0 g|4 1te, 1. 2V^OLS 

1 101^1. 2v^©ls 1 1 o 2mx*mtHn£&n ommx+%>z>a si4 i 

(a) tel. 2V^LSI 101^1. I 1 0 2 ^B^Sr^f 

i-S#^<Z)^(ffilHlS&^U EI4 1 (b) tel. 2V^©LSI 102^1. 
2V^©LS I 1 0 1 -Mf-^i^rrS^<D3£fffi[!]&§^ LTV^-So 

oHfflsizibzxjiy^nmfflmm&mi 1 1> 1 1 3<zMe^#>Tfs^L-c 

* fc, ff-^^r^fi-S Driver linMOS * X*mj&£fr1t Open drain 
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E!&-C*> 0 % &&m&-e%>Z>W5fa'^ 10 5 isK—iTls* Z 0 fit 4 0 

QT'fcSo fg#*SflTt"-5 Receiver ttVTTj*flgSn"CV^ 0 fc*5, $$fc«/EV 

^18 H»JtfMf ■^raUv'^T- ATi*. 1 . 2 Vl©L S I 1 0 1 d^ft#* > 

mtfitmrfa/** i o 5 taw ^tr-^^lE^f-*, 

* l o 5 <r>W&<< > t°— yi/xottt m C 4 o Q ra^i-5o 5 tc-t-s £ > 

VOH2=l. 20V % VOL2 = 0. 6 0V^^^ X SitEVr e f 2li0. 
9 0V£fcS„ r<Z>#^ % i$tffVr e f 2fc^5te-l§«HHtt AttO. 3 0 

V2/ / 4-C#btLSo 
— 2r\ 1 . 2 V^OL S I 1 0 2d>t>«*SriHfSi-S»^, ff#^ft{B!Jtf>VT 

Tm&&mi&+&imi&i 1 3cont^*-^^i 0 s^^^t-^*^ 

F7^/^Mt5nMOS h^i^** 1 1 2 (D^l^&n&WJlfa^ 
x 1 0 5(^>iRH4'1'^b p *- y^X(DW.tmC4 OQ\Z.WLfet-Z> 0 Z.<D&o!,£TZ>b, 
VOHl = l. 20V, VOL1=0. 6 0Vt^5o tfc, S^tEVr e f 
IteO. 9OVfcft0, SilEVr e f 2 gH"5o r.<E>#3\ PI 

JEVrefl tcm-SfS^BBHlE A ft 0 . 3 0 V £ ft 6 fc«> % fS-i^S1itSr^ 

iPIIEVr e f 2tt3 V 2/4 X%hfh^> 0 
^<D£o\^ ®®mEVDDQ(C^$ttfcVTT», RXf Open drain K7 

K9<<'«&;*- v^tofi:^±|5o J; 5 ra/TTS £ i: T\ Signal 
integrity -Cf&#Sr^t?# 5 0 HI 4 0 WEI 4 1 5 frtHi&lf o 

T> 1 Si©Iil|EV r e f A (= 0 . 9 V) ^m^kM 3 9 iZ^Tm^r^k 
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El 4 2te, *WJ\<ois%&£k^xy"^<Dm 1 9^#J<7>1M£^1lE]j8|g]-Cfc 
5 0 &*5, HI 4 2 fit Single-ended {BttT&SfotZ. &3<DW&<Bl&1&fOtetti 
m*>XTJ*<DM:timx*h «9 > HI 3 9 LfcS^fflHV refA^O. 6Vf^ 
7£tZ>M&7i*VX^?> 0 E]42tel. 5 VM<?> LSI lOOil. 2V^ 

<Z)LS I 1 0 lmXin^^M^no^m-Ch^o HI42 (a) tel. 5V^© 
LSIlOO^l. 2 V5R©L S I 1 0 1 ^f-§-$ri^ff i"-5^(D^ffilElS&^ 
1214 2 (b) til. 2V|©LSI 101H1. 5V^(OLSI 100 

IH 4 2T?te, m£Mfit-*^L&V\ OFF»^ 

ON»*)5^ y7<D%ffii6tXI8&8l 15a, 115b, 117a, 11 
7 bcDig^&TfBfiL--Cv^ 0 

*fc,ft#iSr^fn-6 Driver te Push-pull ggj&£*Lfc p MO Sf7 J'S?* 
0nMOS b7fZ?X#Xffi!&£th, &&m&XlhZ>W%\*\/^l 0 4©» 
yt"-^Z0(44 0 Q-T?fc^oft^^ti-§ Receiver teCTT«£*VC 

^1 9HJfe^JOff-^^v'^7 i ^-Ctex 1. 5V^©LSI100M^ 

mt-tz>w&, m^m\<DCTTm&*w*$frz>mmi i5a^ii5b 
«2zo=8o Q\zmm-rz>o ^^^tOUtte, ^t^i isaiiisb 

K7f^Srfllfi&r5 pMOS h 7 114a O^-i^fiiSr^Ifl] 
10 4 (DSffi&l ^\*—jri/*WT<DtiL ^J^te4 0 Q K:BSK£U nMO S h 
7^^114b©tyjgi?rl3. 3 3 Q KLfg^-T 5 0 ^<7)J; ? mi"* 
VOH2 = l. 05V,VOL2 = 0. 1 5 V b^V , W^W^V r e f 2te0. 
6 OVkKZo S^mEEVr e f 2 tcfchf SflHHBHflt AtiO. 4 5 

1 . 2 V^(DL S I 1 0 1 frbm-%-Z&m~fZ>W&. fsf^»CT 
Tij&$£^J^5|g#t3&l 1 7aXVl 1 7bOfi5r2Z0 = 8 0fiiC|!:m, 
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m$m&i<nm-Z. fflmz&l 1 7 a t 1 1 7bO^JIII^U< , 4 0 Q(C&5fc 

K7>T^Sr«fi&rS pMOS b7lsi?X* 116a 0^">^iSr^r6] 
10 4 (D*mA Vf-^^£tT©H, 0fl*fi4 0 QKJKtU nMO S h 
7^^li6b©ty^i?ri7. l 4 Qd^-r-So ^ipfctSt, 
VOH1=0. 9 7 5V, VOL1 = 0. 2 2 5Vi^. S$tEVr 
e f 1«0. 60Vt*5, SitflffVr e f 2 OfigiC— §H"5o -<Z>#S\ X 

mmiEvr e f liztti-zm-zmmM-to. 3 7 svtteztub, m^-mm 
&*3, ^ft^* 104 ±sraax5f&#«> y ^—>-«^o^s&^> 1 . 5 vm 

COL S I lOOirl. 2V^60LS 110 1 t\z^m^7^ K^U — I'lci'S 

# K7-Y^^^*>^t<^itSr8S^t-5 C £T\ Signal integrity "Cft** 

^T?#So *7t< tilEVDDQtt2m SPlEVr e f {* 1 ffigTSfc 
tfo $ bfcl, mmWZV ref^O. 5 V 2 t #5 <fc 5 K8:J&f-5fc«>, SP« 

SiiEVr e f ^IIIEVDDQW 1 / 2 < f^T 

Vv£lvOT\ ^K7^^pMOS h7^^St;nMOS h5^^©K 
Wf^-y— ^W^3^*«fifc&SRWP$*U pMOS hyy^^nMOS 

So fc*5, El 4 3 Single-ended If ^^gmtS, % 3 CD«<D^Of§-^ 
i^v^T" ACO^M-Cfc t) , El 3 9 f^c bfcSmmffi V refA^O. 6 Vl£^ 
3&t-*^JSr^bTV^S„ £fc, B4 3fil. 2 V^COL S I 1 0 1 £ 1 . 2V^ 

©ls 1 1 Qzwms^^&KDmsmzih** E43 (a) 2 

V^COL SI101H1. 2 V^COL S I 1 0 2^f&^iHfrrS^O^ffi 
EJg&Sr^U 04 3 (b) ttl. 2V^LS I 1.0 2^1. 2V^COLSI 
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1 0 l^fs-^SraHfrrS^^^iffilHll^^UTVNSo 

ON^flltC&S^-r y^©^Tffil4®feiCg&l 19a, 119b, 121a, 12 

*yt,fi#Sri^fSi"S Driver Push-pull 8SBfc3;h,fc pMOSb7 
^t°-^^Z OfcU 0 Q-C*)Sof3*SrSfSi-5 Receiver «CTTJ^4fS$ttT 

g? 2 o mteflitftff -^e^i^x A-cte, i . 2 v^o l s 1 1 o i a»e>flr-3-«r 
jHfrrsa^x m-^fSfflii^cTT^^^-rsi^vgii 1 9 axt^i 1 9 b 
ojfi^ 2 z 0 = 8 0 cuzmm-Zo mm&i(oten> isfctss H9a^ii9b 

<»?iHiSM^L< , 4 OQH^^m 105W 
£fc, K7^^*^tSpMOS b^^** 118 a^^i^tS.t^nM 

os h^^^^ 118 bcotyffii:^ ^nm^ttfft^;* 1 0 sco^-r v 

t°-^V^OT<^fit, 0»R«2 OQln^^So r<7>J;3^-rs^ voH2 = 

1. 00V, VOL2 = 0. 20Vt?fe^ S?tEVref 2tt0. 60Vt 
fc5o -<7>^, S^miEVr e f 2f£*N-5fir#i6iiefi£Afe:0. 4 0V^j;5 

-2f, 1. 2V5fc<DLS I 1 0 2frt>m j f!r*Wm'Z>W&. fS#^ftil!i^CT 
T#l^&^J^S*fi8fc»l 2 l aMl 2 1 bOfi^2Z0 = 8 0Q(^^f5o 
^iSg^t^i, Jfflftg&l 21aH21 b^»Kfi^b< , 4 0 GKlftSfc 
«\ I^JSSj^i^^lR]^ 1 0 5 1 ^fc 0 -*V*&M-5 0 

£fc, K^^SrAtefc-f-S pMOSh7 12 0a (D*^mtL%.TfnM 

osh7 v>>* ^ 1 2 o b M^g&m, wetofcfrfp]^* 105 ^^-r ^ 
tr-^;*&T©flk #j*.r*2 0Qia«j&*-5. -©ct^m^ VOHl = 

1. 00V, VOL1=0. 2 0Vt^ o £fc, S2P«ffiVr e f lttO. 6 
OVi^, Sip«ffiVr e f 2<D»1— grT5 0 rtf>*£\ SilffVr e f 
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i \ztti-z>immm& f± o . 4 0 v t tested m%ffim&ftftfcmkv& 

•So 

# \?7^s<<D*l^i(Om&WtfetZ>Z. tX\ &£f& Signal integrity -Cftf* 
04 2S.OT4 3lZ.^£5tm&m&\Z.£'2X, l»S$tEVr e f 

a (=0. 6v) &ffiz.tdm3 9\z^i,tim^m^T^m^.x^^o 
hi 4 4 te, ^0j<Dff-§^i^7 i iN^2 ne«s^io«^s:^iiaKBi-efc 

So ft*5, S4 4 « Single-ended %iZ<Dm&mm<D\t?rte 
Ii/7fA©AWJtfe «9 , HI 3 9 (C^ Lfc[HlS&<DS2i«EEV r e f A* 0 . 6 
7 5V{C^^5#J£^UTl>5o £fc, HI 4 4 {31. 2V^LSI 10U 
1. 2V^OLS I 1 0 2r8Xinf5tt£*ft?\B}mt\X&Zo 1. 5V^CDLS 
I lOOtl. 2V^OL S I 1 0 1 <Dffl<7)im-%tt£te, 0tf3.fi, El 1 0. HI 1 
3 , m 1 5 bfc#^Jfe0!|O«fife}Ci-n^J: V \ HI 4 4 ( a ) 1*1. 2V^(D 

Lsnoi^i. 2 v^col s 1 1 o 2^^mwt^>m^<D^m^ 

HI 4 4 (b) tel. 2V^©LS I 1 0 2*»e> 1. 2V^OLS 110 1 

ON«fe§^^ s/^Wjggaitttjfi^CSl 19a, 119b, 121a, 12 
1 bO^^TlEiteL-CV^o 

£fc,ft ttmt iT S Driver Push-pull ^^ttfc p MO S h y lsi?X?R 
tfnMOS h9>i?X?Xffif$£tl, &gM3&X3bZ>%U7fa'<X 1 0 5 0^^ 
>-t°— y^XZ 0&4 0 QT'fcSo'ft^^rrS Receiver teCTT^^ttT 

fg2 l^^Jtf^f^v^^TiS, 1. 2V^tf)LS I 1 0 Ifrhm^lr* 

mmirz>w&, m^mm<DCTTmffi*Mrffrz>mmi i9axt;ii9b 
z o=8 o &\zmfe-tz>o mmmMm-t. mn^i i9atii9b 

(Dmm\zMV< , 40Q fc&Sfcfe, i^iS^ti:^^^ 10 5iW 



68 



i o $<rm&< yf-y^»Toft m%.&4 o QKiwseu PMO S h 

7^^H8a(7)t^^l 3. 3 3 0(^3^-5. ^(D£?\Z-?Z> k^ 
VOH2=l. 05V, VOL2 = 0. 3 0 VfcfcO , S2p«£V r e f 21Z0. 

6 7 5V£#5 0 i(D^ N SilEVr e f 2 ^*H"^f -g&KHKA ttO . 3 

7 5 V £ 6 m#^Iffi£35#l-i?fe&-?# 5c 

1. 2V^OLS I 1 0 2*»fe«#«ra&flH-5»£\ -ff-^m»CT 
T»«Sr^J*f SjginSs 121a 121b <75ffi£ 2 Z 0 = 8 0 Q l^^r-So 
^•Sffirac^^ ISft&l 19aHl 9 b<Dmm^\^< s 4 OQC^fc 
mmtfikMjjfa/<>x 10 5 ^aM^tr— *V*Se&-*-3o 

'<&ffif&1~?> nMO Sh7 12 0b <T>*V&3ft&WJ5fa 
1 0 5©#t4^f ^t!"— y^^TOffi, #J;ttf 4 0 Q 13886 U pMOSb 
7V^^12 0a©ty«i$:1 3. 3 3 0^IS:3£i-5o 5 
VOHl = l. 05V, VOL1 = 0. 3 0Vi45. *fc, SUStEVref 
lttO. 6 7 5Vtft9, SitEVr e f 2 <D«[tC— SrTSo wfl>4&£\ g*fl 
ttJBEVr e f 1 \Z.^rt^>\t^W^M. A 0 . 3 7 5V£ft5fc#\ 'ff-^MMSr 

# K7-T^O^->^5t<Dlii^5^r<5r t-Z, Signal integrity "C«-^Sr 

*fc, in i o-^m 4 4 i^-r «k o tmwmm^^x, 1 ^<ds$®iv r 

efA (=0. 6 7 5V) *mttMZV\Z^\Jd^&& 9 S*TJ**W&K* 

¥mtm$m&mm as d noti. sv^o^^mi (ls 
Di3i tis^asas-cfcs^^^ 133 x-wwmfctsfr. £^ 1 . 
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5 v%k<D¥mmm\E\&mw (lsd mti. 2 v&owmwmm&m 

f (LSI) 13 2 b**&$&fi&~e]bZ>%&fa' < x 1 3 4-cifflK^$*i,fcfltofc 

-efc5, 1. 5 Vt&<D LSI 1 3 0 t 1. 5V^(DLSI 131iil ^R«D 
IMM1 2 5^*8«$tb5o 
LSI130, LSI131, &U«L SI 1 3 2 te, ^rtL^tVf K9>f 

^uK^flg^m^^gH&^^^t?^ #lsi ^#^a~r££TO£v r e f A 

tVrefB OffittPJ-dJa* U \ * fc, ^rti <b Offifc 0 . 6 V 1 ^ttSfct" 
6 r £ -CSSWEV r e f AO£j&£^Jr - ^ J; 5 \Z.~r% Z t X\ i/X 

^^a^hSriS^tSo #0&63&IBVft. D I MM 1 2 5«5® 
mffiVDDQtj l«igi:&9, D IMMS&<£Ji&&{g$re#5fc£> % =** b£ 
<£^T#5o *§-LS If**5i<DPCB±tcasR$ttTV^Tfc«tV\ 

El 4 6 te, *&W<Dm j %&&^X7"J*<Dm 2 2 HJfi|^J(Dfl|J5feSr^tlEj»&ia-Cfc 
•So ft**, IH 4 6 te Single-ended % 4 (DWfc^WM^mtt 

efA=VrefB = 0. 9 V^^50>J£^bTV>5 o £fc, HI 4 6 tel. 
5V^(DLS I 130^1. 5V^(DLS I 1 3 1 mX*im-%&M%ft 0 WSMX 
fc5, BI4 6 (a) ttl. 5V^LSI130^bl. 5V»SI131 
^MttW^tZW&to WHJB&S:^ U El 4 6 ( b ) tel. 5 V^<D L S I 1 

3 1 1 . 5 V^OL S I 1 3 0 ^m^&&iWT&w&<D%m\B}m*^ LTl > 

■So 

El 4 6TU ^0>fiiK£*^Lfcv\ ww<, OFFtl^M y7\ 

ON«&5^^ s/^O^^teJ&ftg&l 36a, 136b, 138a, 13 
8b, Oil^«)T|^UTV>5o. 

*^-fi-§-«raSfBT5 Driver tePush-pull W&iZtlfc pMO S h^^^^S. 
tfnMOS h7^^-Ci^$n, fe^S&t?fcS^tp]^ 1 3 3 ©#14^ 
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Z 0 n 4 0 Q -CfcSofff-il-SrSfSi-S Receiver ftC T T«£ftT 
V^ 0 ^*3, Driver^ Push-pull H&rfttZftZX Open drain -e«EScL-Tk,£V\ 
fg 2 2 HJfe^J^m-f^^X 1 . 5 V%k<D L S I 1 3 0 frbm^* 
itff-T^^ ««ffi{W©CTTll«ISr?I^W-5«tft»l 3 6 a&tfl 3 6b 
(7m* 2Z0=80Q \ZWtl£-tZ> 0 mmffCHOm^ 36aH36b 

<nwm\zm\*<. 4oqw^ mmmtmxfo'** 1 3 3 ^as^tr 

K7^^^ ; Sl^t"'5 pMO Sh7 *S 9 S*9 13 5a 0^->1©7L<??1it5r. 
#)J;Lf£ 4 . 4 4 Q IC^^ U nMO Sh7 Vv?* ^ 1 3 5 b <D^sffi8&M& 4 
OQ^^i-^o w<^J:9{-i-^^, VOH2 = l. 4 2 5V, VOL2 = 0. 
3 7 5V£fctK SitEVr e f 2tt0. 9 0Vt^ o 
V r e f 2 »Jl*H-5f&-^(Sffi: A (40. 5 2 5Vt ft \^W$M&KSt 

-Jfs 1. 5V^©LS I 1 3 ltf>fc«#&i£{rr5»£\ ff^fft'J^CT 
Tflfc**rl&^5ifi^ 13 8a 138b <7M£ 2 Z 0 = 8 0 Q Icgasei-fio 
te«Bjgdfa0fl£fik 3 8 a £ 1 3 8 b<Dm*\mZ-mV<s 4 0 QKfttt 

£\ 1®ffi&&ibJSttfa'** 133W yif-^y^t5„ 

■£tc s K7^^i^t5pMOS f7^^ 13 7 a (DJr^WfK<Dm&, 
^jK.fi4. 4 4QtCK3eU nMOS b^v^* 1 3 7 b (D^V^^S: 4 
OQlC^TSo Z<0£5\Z.-rZk. VOHl = l. 4 2 5V, VOL 1=0. 
3 7 5Vi45, ifcfc, S2p«ffiVr e f 1«0. 90Vt45, SitEVr 
e f WctZo r.<Z>»£\ SitEVr e f 1 {Ztt-TZm^M^. A 

o . 5 2 5 v £ tested m^rnm&ftfriz.m%-?% 

5 ^^cd^-t ^^zo^uc, ##§*}gfct<^ 

# K7^^^0^-Vffi*tOffiSrf9:3£i-S^ £T\ Signal integrity X*iES§r% 

J&*3, 1. 5V^OLS I 1 3 1 £ 1. 2V^OLS I 1 3 2fW<Dft#^ittU 
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« » 

JEEV r e f A (=V r e f B = 0. 9 V) ^m^-tzMA 5 (C^bfdf -!§HS£->* 

5 0 &*5, IH 4 7 Single-ended m^^frr^x ^ 4 0»0^<Dff-^ 
i^^i^^WijT-fc 9 ^ El 4 5 icjj* bfcff -S^^^x^OgipflffiSr V r 
e f A=Vr e f B=0. 7 5 V^i9:£-f S0iJ£^bTV^ o ^fc, 04 7 1 . ■ 
5 V^©LS I 1 3 1 t 1 . 2 V^<7)L S I 1 3 2 f^Tif -JUS&SrfT 5 IUJ8#>K* 
fo£o 04 7 (a) fil. 5V^(DLS I 1 3 1 frb 1 . 2VWS 1132 
^m^*^^ZW&<D*mi£}fe%mU 04 7 (b) ttl. 2VIOLSI1 

3 2a»e>i. 5v^©ls 1 1 3 i^*&3Hrrs^owiiii&«:*b-a^ 

So 

ONtit^S^ y ^(Dtmmtim^ 140a, 140b, 142a, 14 

*/c,{f #^^ff -T3 Driver (2 Push-pull g^ftfc pMOSf7 ?R 

Z0tt4 0 Q-e*>5oteJH:3rfr*"£ Receiver {iCTT^S^-C 

!g2 3m/&M<Dim-%tt£^*TJ*X'te, 1. 5V^LS I 1 3 l^bft^ 
i^f-r^^, -ff-^fsftiJ^CTT^^^t-a^^l 4 0 a&tfl 4 0 b 
<D{jt£2 Z 0 = 80 Q^^-TSo ^gfet^tte, jgfctm 40ail40b 
tf)ft?ltfi£lC^ b < , 4 0Qlu^fe, ^^Tii SJCfrft^* 134t^yf 

*/c, K^^/^«^t-<5 pMO S Y=7^s^$ 13 9a <D^^gfeitf>fi££, 
#J;tk£2 0 QKlf^U nMOS h^^** 13 9 b <DjrlS$&K<TM& 4 0 Q 
IC^-TSo i<7)J;5&-i-5£> VOH2 = l. 2 0V, VOL2 = 0. 3 0V 
tt£*). mmW£V r e f 2tt0. 7 5Vi^5 0 wtf)i|r£\ gipflffiV r e f 

2 (c*f-r sft a^ s o. 4 5 v <t t^tc^ m^m&mzftMz-m&xz 
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• 1 

i. 2v^ls 1 1 3 2frt>mttmm-rzm&. m^mmocT 
T^^m^-r zmm i42a^t;i42b cm* 2 z 0 = 8 0 q ici^-rso 

^g£t<D{iIte, fflftfc 142atl42b <^»Jflt^^b< , 4 0 Q t£ft5fc 
«\ ^^S^ti:^^^ 1 3 4 £^^fc°-^V*^-r5o 

£fc, K^-f^^^^r^) pMO S h 71/^? 14 1a (D^-V®^L^i:^ 
0!l*.fi8 QIOSj^U nMOS Y"7^^ 14 1 b C0^-^g*tOfit?r 4 0 QIC 
^-T5o Z.<D£*>\ZtZ>b. VOHl = l. 12 5V, VOL1 = 0. 3 75 
V£&5 e *fc, S^«£Vr e f lfitO. 7 5Vt^>3, SflEV r e f 2 
Ofli^— ItrSo w<£>#£\ litlEVr e f 1 {d^j-rSff-^^SfliAttO . 3 

75vi: ttzti^ m^mmmz%Mz.m&x*% s 0 

# K9>f '<>(D*^^(Dm%Wa£1rZ> Z. b X\ Signal integrity T*{f 

tHio, 1 . 5 V^(DL S I 1 3 0 b 1 . 5 V^©LS 113 1 fii<D\t^m^ 
04 3^Lfc02 0»J?:fflV^tfJ;V\ {iU ©liEVDDQ 

Ut^oT, 04 3{d^bfc^!ig^«!i«EVDDQi:L-Cl. 5V« 

-rzmmmf&t m 4 7 (^-nnjg&ni^^ iaot, 1 »s?tEv r e f a 

(=Vr e f B = 0. 75 V) ^ffiTLkM 4 51^ Ufdf ffei^fAm 

E14 814, *^<7Mf-^^l^7 i ^0^2 4^^iO«^^i-|£]Sg|IlT$> 
5o H 4 8 (4 Single-ended W,A<DWmWm<0\t s ilrfc 

i^r^O»J"Cfc 9 , (214 5^ Lfcfs-^g^v'^^^^S^Pflffi^V r 
efA=VrefB = 0. 6 7 5Viui^t5^tTV^o 124 8te 

1. 5V*©LSI130il. 5V5^0LS I 1 3 l^-eff-^H^ff 
^-C'feSo E14 8 (a) (41. 5V^©LSI130H1. 5V^(DLSI1 
3 l^-^-^rr^^^^ffilfilSS^U HI 4 8 (b) {41. 5V^©LS 
1131^1. 5 V^(^L S I 1 3 0 ^m^%^t1-%Wr$<Dtgmm&*^ b 
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ON»fc§^^ y WStftttBajfiWSl 36a, 136b, 139a, 13 
9 b (^ittvl^-^TlES LTV ^ 0 

*fcjf -§-^^ff-T6 Driver Push-pull ^^fltc pMOS hv >i?**R 
tfnMOS V7^i?X*X*mf&£tl. &&m&XthZmjfo'<* 1 3 3<Dm^-C 
yt°-^Z0l±4 0 QT'fo^olf #Sr^frt"S Receiver (iCTT#t#S£tVC 

124 H»Jc^f -JUS^^T" ATii, 1.5 V^<D L S I 1 3 0 /5>£>{S#£ 
i£fi«i#3\ «^Sfifll<OCTTl»««^M-*^»l 3 6 a&tfl 3 6 b 
<Dfit£ 2 Z 0 = 8 0 Q^^i--5 0 /M^tf>{itte, J&^l 36atl36b 
<Dmm^V<s 4 0 QfcftSfcfc, i^i^TL^^^^ 133W ^tf 

3=fc, K7^^f^t5pMO S YJ-y*??** 13 5a <^>1fi#ttf>4fi£r, 
0**1*4 OQtORJfeU nMOS h^^** 13 5 b <^->1£inOfit£r 1 7. 
14QI«t5o -<7)ct 5^-TS<t, VOH2=l. 12 5V, VOL 2 = 0. 
2 2 5V£&9, i?tttVr e f 2:6*0. 6 7 5Vi:^„ ~<D#£\ PS 
0 r e f 2 [Zfti-Zm-^WmW. A 0 . 4 5Vi;/j:5fc^ fs^-^Slii 1 !:^ 

i. sv^ls 1 1 3 ifrbmttmrni-zm&, m^m^cr 

T**»«Bj*r5«8L» 13.8 a RXfi 138b <^K2r 2 Z 0 = 8 0 Q K^-fSo 
ttJOSffiOffitt. }Stn£§l 36aM36b (0»Jffltt^ L < , 4 0 Qfcl&Sfc 

£fc, K^-T^^^S pMO S h7^^ 13 7a (D^T^^M^s 
0>J;tfi4 OQJCKJeU nMOS h^Vv 5 ** 13 7 b©t^©i?rl 7. 
14QIOS5&«. ^OJ:pt--r^^> VOHl = l. 1 2 5V, VOL1 = 0. 
2 2 5Vi:^. £fc, SflEVr e f 1^0. 6 7 5Vtft5, S^ftffiV 
r e f 2<Dmz-m-Z> 0 PtEVre f lH*tt5ftf®HA 
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K7^<^^^<^ff&I£j£i~5- £T% aSfJfc Signal integrity T^f-^Sr 
1. 5V^OLS I 1 3 1 t 1. 2V^OLS I 1 3 2 M<aft#£B&ix 

fgin»j (Eio) > m2mim\ cm 13) , *fc^3^s^j cm 

1 5) Srfflv\h*fJ:v\ 
Lfc^oT, m24m^m ®4 8) SglHWJ ®10) \ ^2^i»J 

(mi 3) , *yttt^3H«i^ (mi 5) t Ktjk vtz\s\^mm^ <t o -c, ism 

(DSitffV r e f A (=V r e f B = 0. 6 7 5V) *ffix.tzM4 5 d^Lfc 

WVlbZo **5, HI 4 9 A, Bf4 Differential ft*Sr5SSf8i"5, ^4<D^[&tf> 
^(Dfs-^^^^iM^AWJ-efe «9 .Sm«EV r e f B^^C, 2»o 1 . 
5V^©LS I 131il. 2V^©LS I 1 3 2 IfflTMf *$r&&&n 0 IUifS0>J-C 
fc5o E|4 9Af*l. 5V^©LSI131^1. 2V^OLSI 132^11 
^i^S-r^^^^ffi[E]S&^ U 04 9BI41. 2 V^tf> LSI 1 3 2 frh 

i . 5 v^o lsii3i ^m^wM-r^^^mm^^ u-cv ^ 0 

El 4 9 A, Bttt, «fc©ltte*5-LJfcV\ OFFtl^ 

IBlfeU ON«fc5^^ y^O^^^^t^l 6 3, 1 7 4©ttlC^ft"C 

*fcjf #£i£ff -T 5 Driver Push-pull W^^fltc pMOSb7 *R 
tfnMOS h7l/i?X*-Zffif&£tl, &&fm~ZlhZ>W5fa'** 16 2, 16 3 
(OWSA r. r, T?f2 ODD mode B#C0^ ^V* Zoddti40Q 

"CfeSo Receiver tt, True-ft^i: Bar ft^^2 Z o d d^H 

O^fcii-egS^Ufc: Bridge mwm^m^X^ 9 ^<OW^\^^^^ 
mz?mm<0^yttOF¥Ztt^b^l^fa'**l 6 2, 1 6 3^1239 
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^25 mt&m<Dtm-%&&->*7 L &X'iX 1 • 5 V%k(D L S I 1 3 1 frbfett 

mt-rz>w&, m^mm Bridge m^m^rr^>mm 1 6 4 <Dm.% 2 z o d 

£fc, K7^/^»6pMOS f7^^ 16 0a, 161aWt>1g 
jfc WnMO Sb7 160b, 161b (D^->^L<Z)fiS^r, ^tlZftl 
4 0£ll^rf-5 o VOH2 = l. 125V, VOL2 = 0. 

3 7 5 V <b * 0 , M»)COA73lH]SS (Receiver) -Clf -5§-&^rC# 5 0 Lfc^oT, 
MlttEV r e f BdS^Kfc&So 

i. 2vi©ls 1 1 3 2frbm^&mm-rz>m&,mw&mM<DBri<ise 

#m%ffi&tZ>&ffl& 17 4 cD{jt£ 2Zodd = 80Q KnifrfZo Lfc#ot\ 
fflm&ib%Ujfo>*x 1 6 2, 1 6 3^^ I'fc'— *V*8E£i-5o 

K7^ pMO S b 7 17 0a, 171a©tyfi 
}?U WnMOS h^>-^^ 17 0b, 171 h (D^rl^^/D^ ^ ^tl^tl 
40QfcW3&*-5. -^£9^1-5^ VOH1 = 0. 9V, VOL2 = 0. 3 
OVi:^^ laft^A^HIK (Receiver) -CflWSrSfTe* 5, bfc^oT, X 
m«HEV r. e f Btf^FglCftSo 

CLOj;?M, Bridge ^^mSfS^T^ Push-pull K^-f^SH/B^ Differential 

KWt7£tZ>ZtX' > Mt-ft Signal integrity T\ i>oP8CVr e f BSrJE^ 
Differential ff-^-f*, Single-ended if -^^it^Tft ##*fc& s 2ffiF^T?fc5* S x 

&*5, 1 . 5 V^LS I 1 3 0 £ 1 . 5 V^cDL S 113 1 Rfltf>fi#^lte, 
04 3^bfc^2O^iS^«^i-tt««tV\ mU 
DQH 5Vtfe5„ 



76 



Ltztf ox, ia 4 3 \z.7jk i,tz.n 2 o m&mz.mmmmv ddq^lti. sv 

VrefA (=0. 75 V) <HHx.fc|II 4 5 Ktf Lfc^-EHS^^T^Sr^tT? 
04 9 A, B^-M5]S§te, i(C^5ll!lttllVDDQT*i!)fH-5 2o(DL 

IH50ttl. 5V3ROLSI 140tl. 2V|©LSI 14 1^t 
Single-ended m^^-t-5[HlW!lT*fc6e 05 0 (a) til. 5V^LSI 

HOHi. 2 v^ol s 1 1 4 1 ^mttw&ttm&<Dmwsm*7F u 

HI 5 0 (b) tel. 2V^(DLSI 14 1*^1. 5V^(DLSI 140^ff 

ON^l(Cfc57^ y 14 4a, 144b, 147a, 14 

7 btf»-"a&T!E«cl/riN5 0 

£fcdf #SriHm -T 5 Driver ft Push-pull p MO S h7 ^v 5 * 

tfnMOS h^>^**T'«/&£;Hs ^^-Cfc^^lS]^ 1 4 2(D#tt-T 
yt°-y^Z0(j:4 0 Q-CfcSo-ft^^t^"^ Receiver {iCTT^^ttT 

m 2 6 mMM<Dm -^e^l^^^-Cii, 1 . 5 V^<7> LSI 140 ^bf&-*|-£r 

o^f-rs^, y^^'^mtftf-z pmos h7^^ 143 a^>i^m 

U!nMOSh7 14 3b <D*^mK<rM& 4 0 Q l£^i-£ 0 Ufc^o 
T, K^-f^^co^-^^Ci^^^ I4 2i^ ^t°— ^^fi^-T6 0 

m-^«{|lJcDCTT«^^f-6®7t^l 4 4a <7>jjt£6 4 QKUSS 
U jgJnggl 4 4b <rm& 106. 7 Q^^i-^o ^SBgjfttfMttte, ©tC^I 
44ail44b <£>2fc?ltfit^L-< , 4 0 Q l^ftSfctf), ^S^TL^^I^]^ 
l 4 2£aw^fc°— ^V*^-T5o d<£>J;2K:-r5^ voH2 = l. 125 
V, VOL2 = 0. 3 7 5V£&9, S2|im*£Vr e f 2(30. 75V£#5 0 
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1-ft*>*>, mmm&Vv e f 2tei^VDDQjttf)l/2£:&5o £2£ 
flffV r e f 2 ^*H-5ff #^KHS A 0 . 3 7 5 V <h &&&&&& 

—jj, 1. 2 V^(DLS I 1 4 l^Mff ^Mt^, V74^&Mf&~f 
SpMOS h^^^^ 1 4 5a©^y®iSt>nMOS h^v^* 14 5b 

^142 <h^^t°— y^^-r^o 

-ff^fiUJOCTT^^^i-^^i^l 4 7a cT^fi^ 1 0 0 Q \ZJSt 
£U Jgfci2& 14 7b ©US: 66. 7 Q t^^So fflm&VDm*. WaVfe 1 
4 7 a £ 1 4 7 b<Dmm\Z.m\^< , 4 0 Ql^Sfcft, mmS&Cb%ltt>l'*X 
142bfr-< i©i o iC-fSb. VOH1=0. 90 V, 

VOL 1 = 0. 3 OVbttV. &$W£Vr e f lttO. 6 0Vi^, W 
SitEVr e f lfS{&VDDQffi<£>l/2£$:5o -Oi§-S\ SWV 

r e f i fcttTz>m-mmm.Ate o . 3 ovtftztz^ m-zmm&ieftizM 

1. 5V^©LS I 1 4 0 b 1. 2V^(7)LSI 14Ulvl#I^7V 
HVDDQ&y*->«to^<!;-r3#£\ 1. SVUStl. 2VHi:^ 

142 Sr«6h,5ft#<7) y * — i^m^(D^mn tf 7 v k^v— >"Cfc5 r 

# '*<D*l<4^<Dm&WLfetZ> r. £ T\ Signal integrity T?{f ^ 

6a£T?#5 0 ®ltEVDDQ{±2m STOEEV r e f \12fmxm 

tf. ^ISfefllT-tt, UtEVr e i & 2W&bt£*iiK Ztl^tUDh*?^ '*(D 
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ZtlZo Ub&SoT, pMOS hy^WnMOS f7V^^^$^) 
Jg5|H»!| (HJ2 2) , &t^6Hl»J (02 4) tl^U^^fe^fcife, ^ 

sfet^is^ pi^T-# 3 £ 5 ur*5^tf, rn^ <Dmm\ h $mx*% s 0 

0 5 1 til. 5V^OLS I 1 4 Ok 1. 2V^©LSI 14 1f|t 
Single-ended ft ^&^^5tU8&0n?fc<5 o El 5 1 ( a ) fit 1 . 5 V^<D L S I 
140^1. 2 V|©L S I 1 4 1 ^fs-^-^riUfrrS^O^ffilel^Sr^b, 
El 5 1 (b) til. 2V^LSI14lHl. 5V^OLSI140^it 
£i£{f 1-6#B-<7>W[hI&§£^ LTV ^ 0 

£fc, EI5 ITU moI{I^L*V\ Wix-A OFFtttO^yf, 

ONtll^S^^ y^®ffiKMtt«tna»l 44a, 144b, 147a, 14 
7 b <B«fc-£«>-Ciatt LTV >3 0 

*fc,fi^3Hfrf-5 Driver fit Push-pull ^^tbfcpMOS h7^^S 
1/nMOS h^^^TtttritetU fcit^T-fcS^P^* 1 4 2W«M4-Y 
^ tT— Z 0 « 4 0 Q T'fc 5 0 ft#^^frr 5 Receiver liCT T#I*S $ flX 

12 7 llWJOff-^S&v';*.^- A-Cfci, 1.5 V^tf) L S I 1 4 0 d»fefll*Sr 
^-T5^&, K7-f/^«fiW5pMOS h7^^ 1 4 3eL<D*l^Bffi&. 
XfnMO S h 7 * 1 4 3 b <D*>im.<Dm$: 4 0 Q fcKSgi-S. Lfc^o 

T, K7-f^^^->ffi*T:i:35ttr^^ I42t^ ^tr-^V^SE-^i-*. 

fflr-9Sf&fiO©CTTJ|tliftSr^J5JN-6«»iaSl 4 4 a(^it^9 6 Q\Z®Lfe 
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u mm 1 4 4b« 1 6 on\mfe-f& 0 mmm<Dmnmmi 4 4a 

b 1 4 4 b(D»Jflt^L< > r^T1*6 0Q(C&3 o Lfc^oT, if&HSigintf) 
ffifmfrln]^ 14 2 c^tt^ >-fc*WV*o l . 5f^-g$rf £ 0 r <£> «fc 9 
-T5<t, VOH2=l. 20V, VOL2 = 0. 30Vbt£<9, I?lEVre 

f 2 {10. 7 5V^«f5 0 -rftfc>*>, litEVr e f 2 «i^VDDQiS(D 1 / 

2£&5„ c<7)^ mmmv t e i 2izm-&iBmfflmM*o. 4 5vt 
testis m%-mm&ftftizmt:X'%z> 0 
— i. 2v^©ls 1 1 4 1 *»e>flr*SrasfBi-«*^, K9>r 

SpMOS 1 4 5 aCD^-^^LSt^nMOS h7^^ 14 5b 

14 2 £tfS-r i'f— ^*SE£-*-<5o 
Sfc, ft^ffiiJ^CTT^^^H-S^LgSl 4 7a«l 5 OQWR 
j£U *g*n£ff 14 7b <DW.% 100 Q^^-TSo lfcfflHS^<^ra3Sft» 147 
ail4 7b«I(C^L<, Iit1i6 0Q[^5 o Ufc^oT, 

ofotte^ft^;* 14 2 o^-r >-t°— *V*<d i . 5{^(ci— ®rr?>o r <£> J; b 

VOH1 = 0. 96V, VOL1=0. 24Vbte<9, S^^EEV r 
e f lttO. 6 0Vt45„ "fftfr*), g2f!B/£Vr e f 1 tt{£VDDQii£tf> 1 
/2t^ 0 ^(DW&, SiiHVr e f 1 IC^Sfg-f^igfitAfSO. 3 6V 

Kv-T '«D*^mi<om&ffl£1-Z ^bX\ ft Signal integrity T?ft-§-£ 
^-e^6o «g«B=VDDQtt2«^ SitEVr e fli2ig-^ 

tf 0 ^mS^J-Cfi:, iitEVr e f #2«IB&3reS>5as, 3PP«IE<^^ 

#K7^^©pmos b7^^WnMos h 7 y^^©KW^-y- 

*WKW£ttti#S|^n$ft5o Wt^oT, P MOSh7^WnMO 
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* Z 0 \m U ^ Push-pull K7^^*lTf5^ SfS 2 H»J (013), 

H5^jg^j (H2 2) > Rum6mmm (E124) ti^u^jdc-cfes^ 

m 5 2 tdEI 5 0 Lfclg 2 6 9&fflAXm 5 1 Lfclg 2 7 H»J<7Mf # 

E15 2 (a) ftl!llEVDDQ=Vl^LS I 1 4 O^HIEVDD 
Q=V2^0LS I 1 4 l'Mt^^m-rS^^WllIj^^U 05 2 (b) 
f*V 2%k<DL S I 1 4 1 fabV 1 ^OL S I 1 4 (Wf -5§-£ri£ff-?-5l§£-tf>3Nffi 
EBSSr^l/CVSo ft*5, El 5 2 "Cta, Vl>V2t'l)^ «<fc©flt^* 

£fc,ff #&j£fi i"5 Driver fi Push-pull Wtfc&tltc p MO S h7 $~Bl 
LFnMOS h^^^^T'^^tt, fi^H§-C*)5I^|pl/^14 2tf>$H4-f 
^V*Z 0«4 0 Q-C*)5„f9#SrSfBi"5 Receiver ttCTTJUffi^ttT 

V 1 S I 1 4 O^bfS #SriHfrf-S»^, b^^/^M&tZ p 

MOS 14 3 aOty^S^nMOS hy^** 1 4 3 b<D* 

•So 

U i&JjCgS 14 4b 0>f£«rR 2 Q KWLfefZ. m&!Bffiom'%£&&& 1 4 4 a t 
14 4b <DWmR 1 //R 2 Q b < > r O^SS^tO^fiSr^fS]^^ 1 4 

Rl=2mZ0 • V2A1 
R2=2mZ0 • V2/(2V2-V1) 
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V0H2=(2nrH)Vl/2(m+l) 
V0L2=0. 5Vl/(m+l) 

Vref2=0. 5V1 

tte&o -rt£t>^ mmnmvr e f 2\*mwr>Qmv\/2ttt 0 

v2^ols 1 1 4 l^hm^mt-r^m^. ^-(^zm&i-zp 

MOS Yy^V-^Z 14 5 a^>1^tS.tJ«nMOS h7^^ 1 4 5b©t 

^g^ofit^^-^^ 1 4 2w#ts-r^t°-y>'^^u< z o^^-r^o 

£fc, ff-^ff{ftiJcOCTT^^^-rS^tf§l 4 7 aOffi^R3Q|I^ 
U J&TCfff 14 7b <D^R 4 G^/£-f-3 0 i^im^L^iSfiig^ 147at 

i47b <DmmR 3 //r 4Qtft<, r. (Dmi^mmcDm^M^^ 1 4 

R3=2sZ0Vl/V2 
R4=2sZ0Vl/(2Vl-V2) 

V0Hl=(2s+l)V2/2(s+l) 
V0Ll=0.5V2/(s+l) 
£:ft?K 
Vref 1=0. 5V2 

i: * 5 G -f-* t>*>, V r e f 1 ttiS V D D QffiO 1 / 2 £ ft 5„ 

& K9 -Y^^^^-^^fet^SrSasSi-S r <b T\ ft Signal integrity 

&2ffl8vmto xmrnsM-en* sitEvr e f &2wmm-?fozt>K 
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mm<Dimx ztvetw K7^^c»t5iiiEv d d q<tm<t> \/2\z.wl 

W^-y-^P^^afi^m^RliP^n^o U:^oT, P MOSh7^ 
^ Z 0 \z& U n Push-pull «/&<d ^£^i-3,&Tig 2 ^JSM (013) , 

msmrnm (E122) , Kt^entfe^ (024) 
in 5 3 tt^96m<om^Hsst>^T j»<om 2 8 mmi(nm&&7Mim&mx*hZo 

El 5 3 tel. 5V3R©LSI150il. 2V^©LS 115 1W"C 
Single-ended ff ^£^-f-5[lWJ-T?£>3 0 EI 5 3 ( a ) It 1 . 5 V9£tf> L S I 
150^1. 2 V^<7)L S I 1 5 1 ^ ft Jk&xKB ^5#^<*>3HiBi08&£:** U 
El 5 3 (b) ttl. 2V^©LSI 151H1. 5 V^OLS I 1 5 O^flf 
^iHfti-S^W WHW&£^ LTV >3o 

£fc. El 5 3Ti3, «|Sk©ffl[iC*^U3&V\ ls~>—s\ OFFtl^yf, 

ONJfcKBKlfcS^r y^WffifitffiEfi^tS 154a, 154b, 156a, 15 
6 bOffi^feTf^bTV^S, 

^fcft-^-Sr^frrS Driver fit Push-pull mfcZtltc p MO S h7 
T^nMOS h7^*^T*1ft$c£*l, eaSSa&^fcSBO^'-** 1 5 2<DW^( 
^fc°— £V*Z 0{24 0 Q-C*>SofS**SfB^5 Receiver teCTT/M^tvT 

^28 SSMoff -J^&v^-r ATii, 1 . 5 V^O L S I 1 5 0 j&»feflH§* 
ft-^ltfi9<DCTT^^fifei-5^t§tl 54a, 154bO 
<g£r2 Z (m*£U^8 0 Qt^»3£i-So fl&SS^^fcHQftgi 1 5 4 a 1 5 4 
b(D^lM^b< , r r-C«4 0 GK&Sfcfc, *fc«a^£3£frlR]'** 15 2 

£fc, K7^^l:«^r5nMOS h^v 5 ;*^ 1 5 3b^«OtlrI 
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•ftfas** l 5 2 cyfflkJ istr—y^x Z OWTOM> fllfctf 4 0Qi:K3lU p 
MOS 15 3 a M^WKaym: 2 0QII^t5o r<7)J:^:t 

VOH2 = l. 20V, VOL2 = 0. 3 0 VtttVs l?tEVr e f 
2«0. 7 5Vtft5 0 "ttHt>%. SftffiVr e f 2ttl5VDDQfi©l/2 
SipmEEVr e f 2ldsH-5«fillAttO. 4 5Vift 

— 1. 2V^tf)LS I 1 5 1 ^ib{f-S§-£i£ff-f34§^\ {§#^:{f»CT 
TJ*«S«^^-5^C»1 5 6a, 156 b(^i£^ 2 Z 0 0 QKlKJS 

-rso ^i^tonfi^ts^i 5 6 a 1 1 5 6 b<omm\zM>\^<s m?«4 

0 QfcfcSfcJO, 3»«H8Ki:3JC^I^^ 15 2 <b^-T Vk 0 -^^^-T5o 

£fc, K7^^Sr*J^5 pMOS ±=71/*?*? 15 5 bO^-V^i^il^ 

l 5 2©»yf- oOTcofit, ^9x.ii4 o QteiWEU n 

MO S h 7 ^ 1 5 5 a 1 7 . 14QIC|itt5o 

0K-fZ>t, VOH1=0. 9 75V, VOL1 = 0. 2 25V£&«9, 
ffVr e f mo. 6 5V^i5, i - **?"^ g^flflffiV r e f 1 lilSVDDQ 

«©i/2i;j5e<5. sm®EEvr e f i Km-z>m^mmm.&no. 

# ¥7^^<D*l^mi<Di&%WLfe-rZ>^bX\ Mi-ft Signal integrity -CftM!* 
ea&-C#So mflffiVDDQ«2^IS, S2p«EVr e f te2gggT*#f 

tPo ^Hfe^Jt?«U SWVr e f #2«fcB*-C*><&J&S, aBSfltES:**!/^ 
ixtf) K7^^l:«t5®llEVDDQO i/2<^K:W5£t-.5;fc:«>, # K9 
^/^OpMOS hy^^MnMOS >7^^©FWy-y-^lC 
W^m{4^^p$ttSo Uc^ot, P MOSb7V^WnMOSb7 

@54 (a) lililEVDDQ=Vl^tDLS I 1 5 O^fcWRtBBEVDD 
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Q=V25fctf>LS I 1 5 1 ^\t^Wm-r^>m^(D^m^^ U El 5 4 (b) 
fiV 2^<Z>L S I 1 5 1 ^P?V 1 5&(DL S I 1 5 0^{g^&a£ffi-54§6*<D3|iffi 
EKSr^LTV^So ft**, E5 4"Ct±, vi>V2t'fc5o *^c N «£fctf>fttt£* 

£fcjl -J§-£i£frr5 Driver Push-pull ^c^tbfc pMO S h9lsi?X*R 
yt-yy7Z0li4 0 0t?*>5 o {f-S*gfr*"3 Receiver liCT«$tlt 

*i\ vi^lsii 5 ofrh\t?r*mmirz>w&. m^.\m\(DCTTm 

K*Wttr&Btm 154a, 154b (Dim 2 Z 0 «9gJ7L<Z>{ii 
ttJSftSS 154a£l54b OM?!Hgt^b< , ^ ^"CttZ 0 f£— $ctZ>1Z1t>, 

mtmfiitmfjfa'** 152 t^yt-^s^t§„ 

1 5 2©Wyfc°-^z OOTIDS, WtriZ OlOBHEU pM 
OS h^v^* 153 a^^g^fcMit&Ro n 1 QOT^i"-5 0 

Ronl=0. 25V2 • Z0/(Vl-0. 75V2) 

V0H2= (0. 5V2 • Ronl+Vl • Z0) / (Ronl+ZO) 
V0L2=0. 25V2 

Vref2=0. 5V1 

£fc5„ i-fcfr^ SfpflffiVr e f 2fiii5VDDQli:tf) 1/2 

v2»©ls i 1 5 ifr(bm-%-&mm-rzm&. m^.imi<DCTTm 
m&m&tzi£ffl& i56a, i56b <7M* 2 z o \z$Rj£tz> 0 mmm,(Dm 
nmms i56aa56b <omm\z.mv< . r. r-mz o wcrz>tz.#>. 
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mmmtM^^ 152W i/\z t -y^xm&-tz> 0 

V74/<*mi&tZ> pMOS hvl/i?*? 15 5 b <D*>Wi<D\m:M 
OSh7 ^v 5 *^ 15 5a <D$-l^Stfi<DiM$:R o n 4 Q tClft^t" 5 Q 
Ron4=Z0 (2V2-V1) / (3V1-2V2) 

V0H1=0. 25V1+0. 5V2 

V0L1=0. 5V1 • Ron4/(Ron4+Z0) 

Vref 1=0. 5V2 

i"^*?*>, S^flffiVr e f HiffiVDDQ«W>l/2i:ft3„ 
Oj^^ V1^(DLS I 1 5 0^V2WS 115 1 t\Z.$mt£# y ^ YZ? 

ddq^t y f—ymMnms&t-fzw&s v i nii v 2 Knftiy * 

& V7^/<<D*^mK<D\m:Wa£.-tZ>^tX\ m-tH Signal integrity 
e^-C^5„ £fcs ®llEVDDQ|j:2m SitEVr e f tt2ffiirci£ 

^ K^-r ^(-#^a~r sm^mnvDDQo 1/2^^^1-s^ifc, # 
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While preferred embodiments of the present invention have 
been described using specific terms, such description is for 
illustrative purposes only, and it is to be understood that changes 
and variations may be made without departing from the spirit or scope 9 
of the following claims. 
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I 



What is claimed is: 

1. mi <Dmmmx^mt^>m 1 <n^mmmmm. t mem 1 <DWsmjz 

Single-ended m^*W5mz.m&^tt$><7Mtt&i'*TJ±X*&<?X, 

mem 1 <D*mffimm&mm t mem 2 <o¥&imMBmmti<a%um<D 

mmmi<DHmi^mmmmm(Dm^m^^mirhtitz.mi(ocTTfm 

mem 2 (Dmrnrnztfrnsztiz, mm^me^m-(>^-y^K-m- 
% , mem 2 (D^tmm®&mm<Dm-^m^mrt btuzm 2©ctth« 

me. Single-ended {BttWJ£&Wtt&1Z&<0\*£\r*^toZ2&tt&£. 

*su mem\(o^mmm^mmmm^m2(D^mm^mm.^ : t^ 

mmi <D^mmm^mmRxjmem2(D^imm\mmmxm^m 
feMmmj£&zti*:timv< kzx? iz*>im<Dimw>7££titc, tmm 1 <o 
^mmmmmm.^ bfttjSESingie-endedft-si-^f -r 5 Push- P uii m&<Dn 1 

mem 1 (D^mmmwm&Tjmem 2 (D^mmmmmmx^ 
^mmm^ii^timvK &s £ e> K^^imcDimmfeztit^ mmm 2 <d 
^wmmm^w^hw^sixigie-endem^mm-r^ Push-puii«^^ 2 

2. m&mi(DmM.nj£*vi > mem2(DnMW£*v2tvtcb%, 
memmwzno. 25 (vi+v2) x°&zn#mimfc<Dm j %&&^x'T 

3. me.mi<DnMnjE&v 1 tvtctz. 

me&mwzte 0 . 5 v 1 x&z>m*m 1 tem^t^m^^j^o 
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4. fme&i<Dmm&.&vi tutt*. 
meg&mmt o . 6 v 1 x-thznim 1 is^oft-^fe^v^x k 

6 . wmfcjmm&miZfmz singie-ended m-%<D v p-ismi&ti&izms&fe, 

<fc «9 hfc\<^%2(DmMmfrx*WiYEir%%2(D*mW-Mmm&mw.mx* 

Single-ended if ^^f^^^{f^§fcfe<Dff-^i^^^^-r*fcoT, 
W.fr ■htm Single-ended {f ^Z&m "f 5 Push-pull 1f|/#tf>H 1 <£> K9^/< £ ^ 

^^^^gjiE^-rvt-^^^-ifirrs^ Suiem2(D^E<*^iHisi&^ 

«d*e>HaiB Single-ended «*S:33Sf8i-S Push-pull m&<Of&2<D K9^'<£, 
BWB Single-ended {f^mJEE^J^-r^fcfe^btVMitT?fc?>ffiP«ffi^^ 
U BtriEm l ^^#^HlS§^g^t^ul2m 2 0^#£MMi«gWt£-£*x 

soiesg i <D^mm%&mm&mmm 2 (Dtmmmmmmmxm 

lES^ttE^^ti^tL^ b< (dgafttift«^£*ifc % itfflEgl 2 ©til 

8. BfHS^10®H«E^Vl, SfHS^2(Dm«ffi^V2^b/c^# > 
MI5S2p«IBiO. 2 5 (V1+V2) T-fe5W*3S7|5^^fs#^>'^ 
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9 . WSE^I^^^^SfffE Single-ended ff-i§-<£> V ?-^W&L&miZ>W&lX 
10.11 ©IKSTilttS^ 1 <^^#^H]S&1£«£ BfffB^ 1 
Single-ended if ^WJjfa ^^{ftZ tc Mf^^rAtfco T, 

itiffiE Single-ended ft -^Sra^frt-^ Push-pull m&flM 1 <Z> K9>f 
mfrbffim Single-ended m%$:^-fZ> Push-pull 2 <D K7^^ <t , 

BtrBBSB 1 <D^#3MWl]S&g|gtf>(f ^\m\mrththtdm 1 ©CTT« 

5, BtflS^2(D^#^|lJ^«(^^^{^^^nfc^2<Z)CTT^ 



f1llE^10^f$^lp|^g^^HulE^2^^#^$^IiIS&^e^ % SfilS 
Single-ended m^m&^m^-f-^tiibCD LtV^T-fcS^ii^SWES:^ 

tfJlEgWB* 0 . 2 5 (V 1 + V 2 ) 1 0 |Bm<^ft#^^ 

1 2 .wm&sm&&miz>wm singie-ended m#<o y 

i3. ii ©®iiE-cifH--5« i <D¥#f*^isiifs^«^gii5^ i (Dmmm 
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Single-ended m^^|^fCi^mi-^/cfe(^f#^^^i>,T*feoT, 

mrnm 1 <&mi&m®i8&& t mam 2 (o^mwmmmmm^Wj^ 
mem 2 (Dmmmv) 1/2 $ tiz> . mm&tfm&em^ > t°— 

2(DVTT«[slSg<b, 
BfrSS Single-ended If ^®J££flJ^-r3fc£><£> L#VMtT-fc-5SW££dfc 

&u mBmi<D^mmm^mmR-cmmm2<D^mw^\B\^mm^ti 
mimi<D^w^m^mmRxmmm2(D^mwmm^mm.x-m^m 
ymmmm&mmfr bHtjissingie-endedft ^w^tz Push-puii w&om 1 

^#^aiHlS§^gd^|flfESingle-ended{t-^^3^t-r-5 Push-pull 1*/#<£>Sj| 2 

14. fiJfE!g2^W>mJE£V2£Lfc££\ 

StTS5S*«ffi« 0 . 5 V 2 -C&SftMSg 1 3 I^Ofi^i^rAo 

15. m&fc£B3&$:ftftlZ> BilSS Single-ended ft -^<D U * — ^^SE^^En6SS& 

16. ^1 ^>«^«EET*»]f^t-Sm 1 <a^ti^H]S&£ff £ HtlEm 1 cOflM« 
JBE£ 9 ^{SVN^2 0«^«ffi-C'«jf^i-6m2 0^^p(i]S&^«raT- 
Sirigle-ended^^^^^^si-^fcfe^-^^^^AT'fco-C, 



91 



ft-sea** saute* mfensm-f > tr-y ^ ^^fc^^s§ t , 

Wt^hWrn Single-ended m^&i&WtZ Push-pull H£/$<Dff| 1 <D \*7>('<b, 

«/6^MIE Single-ended m-^Sr^fTrS Push-pull ffij&(Dm 2©K7^^, 
HUfE Single-ended ff#©«EE^^5^«)©U#VMit"^*)S3£S1MlBESr^ 

Ktt htiitm 1 ©vt TJ^-iSSIUSES <b , 

1 7 . gTlS^^^»,5*ulB Single-ended ft^-O V *—^ffi&ffiiriZ>m& 

is. ^1 (nmmj£x*W)ft-rzm 1 o^#^ms§^B^tfjiEm 1 ^mmm 

Single-ended{B^^f^(c:^ftr5fcfe(^#e^v'^7 i ^T'fcoT, 

mm 1 1 / 2 ©tE^w^ns , ^t^sffj|B#tt^ ^ 
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BtrfS Single-ended f9#0«BE^J^5fc»OU#Vv|rT?fc5S!|«tffi*± 
^ft^HJ^gTi^gflBSingle-ended ft -*§-£i£ff-t-«5 Push-pull 1 

^mm\B&mmfrbmd,singie-endedm^*m-ii-tz> Push- P uii m&om 2 

1 9 . HuiE^^^»,SBffl2 Single-ended it^(D ]} ?—^Wm&m^ZM3& 

20. (DflM«Ki?Ki^-r§^ 1 w^»^^(i]s§^g^stif5^ 1 (Dmmm 

Single-ended fi^£32;*-ft { Ci^ff-r 5 W§El^f^t*feoT, 

me. Single-ended fi^O«JEE&^i-3fc&tf> U#VMiST*fe-5^«!£^ 
J&U Sfrl5^10^#^[l]^BStmf5^2(D^«^Il]^®C^tl 
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^wmmnmm^hwmsi^\&- e udeAm^mm^ Push-puii m&vm 1 

¥^«^[II^e^^BtllESingle-ended^^^frt-§ Push-pull Ml$<Dm 2 
2 1 . BilSBe^S&^mSMIE Single-ended \t^(D V >«?t;$$i5?frL5Mi£ 

22. mi^^m£ETibf^5^i^¥#(^^ss^e^Htri5mi<7)«ag« 

S ingl e-ended fa -^-£3££"fR] ^S^fTf 3 Tz.#><Dim-%&j£ ^tA^oT, 

y>xiz.-m-z>, mem 1 <n^mmmmm.<m%^\m!i\m.rt htiim 
mem 1 <Dwmm<D 1/2 ©tE^^^tis > ^t^sttns^-r 

20VTT^(hIS&^ s 
BUlE Single-ended fS^«EE^^T5yS:«)(OU#VHK^fc6aeiS«EE«r^ 
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¥^#*«[HlS§^g^^gJiESingle-endedm#Sr^ff -t"S Push-pull 1*/&<D!g 2 

2 3. ffFf2f&l^WCf»££Vl £Lfc£#, 

BtTiES2p«E«0 . 5 V 1 -CfcSW^S 2 2fEa<^)fs-^e^^7 i ^o 
2 4. itu!5Sg2cD®S§rm/££TV2 <h Ufc£§\ 

tfriBS^ttEf* o . 5 v 2 -efc 5ft3#s 2 2 isictfMi -JHSigs^T- Ac 

2 5 . rnmS&MS&ZmiZWm Single-ended ft -5|-<D U * ~>Mm>*ffilZ>lBB6 

26. ii ««£Et#mr?,f 1 (D^fls^m^a^ttUB^ 1 

Single-ended m^M^^^^-t^tc^>(Dim^r^^^V- At'fcot, 

Wm Single-ended if ■%-<DW£&¥\7£i-Z>tctb<D b#VMfi-Cfc5S^«EE^ 
Mmmmmm.frhwm Single-ended m^mt-rZ Open drain IffSfcOfg 1 
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warn i <o*mtmmimmBixmm 2 n^mmmmmKm* 
nmrnnfrt^n^tim l<?£%£? i^^micmfcwtfez tut, wmm 2 <o 

Wmmmm^mU^mS. Single-ended mtt&m-fZ Open drain ffij$<Dm 

2 7. mmmmmte, 

2 8 . ntmttm&zmizwm singie-ended \%^<D v ? —>-mMfrmiz>m& 

te, 7=7 is K7°l/-^T*fcSI*^ 2 6 latent -^^v^^^ 0 

29. ii (Dmmmz-eWifc-fzn 1 ^^«^iEi^«i: ttriB^ 1 

Single-ended ^^^I^^i^ffi-^ fcfe^m-^ll^^ AT**>o T s 

mrfE^ 1 o¥^ft^«[His§^s t iiufESfi 2 <?5¥^#^iHis&^«r H ^^[^^ 

flfc&>£> iufE Single-ended f3^Hr2Sfti--5 Push-pull «fifc<£>^ 1 © K9-f 

Wfrbltim Single-ended flT^-Sr^SflM" 5 Push-pull «^2©K7^^i> 
MIS Single-ended fff^«EE**J^Sfefe©b#Vv|rC*>S^W8ffiS:^ 

fife u Mism i nm^mmm&mwmjmm 2 co^^mni^s^^n 
mum 1 ^^ft^m^ast^uiB^ 2 o^ft^m&^g-cfflv ^tu 
izfremztiz , tmm 1 <o¥&mfflmmm<w*&immz&» intern 1 

«75VTTJ^jkS8tUS&i:, 
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3o. imzmi<Dnmmj£&vi, ims.n2<Dnmm&*v 2 kistctz, 
m?Mmmj£iz (vi+v2)/3 x*foz>m#m 2 9 &&&& «^ta, 

3 1 . fiflE^l^^mi^HfrfS Single-ended ff-^O V *~>-®iffia«x5ig&i8 

32, 11 (D®®«iEr-»j^i-6^ 1 o^«^iHis§^g^^iEm 1 <att$c« 

Single-ended m^^f^{Ci^{fi-Sfcfe(7>fs-^^v'^xAT*fcoT, 

amm 1 m^2^^«s^[Hiss^s^(D^fR]o 

5> ^m2^^«^|lI^«(^f^m^^^bn^2(7)VTTJ^« 
t&IE Single-ended {f^(D«/E£¥lJ5£-r5fc#>C9 L#VM^fc3£iJWtES:£ 

^f*^I!I!^S»*^Stfi5Single-ended{f ^^frr§ Push-pull 1 

mmmi<D^w^wmmRxmmm2(D^mimmBimmmx^^m 

^<$^[H]gS^tt*^Ht)f5Single-ended{f Push-pull 2 
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33. tmsmiwwmjE&vi, wmm2(DmmmB^v2tvtct^, 

3 4 . fmeBi£B&%miZ>fim Single-ended im^(D V VW^'^fflfcbWSk 

35. n ^m^m-ett^-rsis i <D¥mmm®&mmk ntmrn i <£>«8sc® 

Single-ended ff^^l^^^fs^^/cifec^f -^^v-^^A-trfco 

HtrlS Single-ended ff^mH^J^-r^/cfe^LtVMItT'fc^ffiPWi^ 

1/2 K-grT 5 J; 9 (-^->^t^^^^$tbfc, gns^ 1 

^fi^^ftfrlE Single-ended im^Mm't^ Push-pull m&0& 1 <0 K9>T'<£, 

1 / 2 \z-m-% x 0 i^^mm<Dim^n^titL, wmm 2 (D^mmmmm 

mWtfrbffim Single-ended ft"*!- £a£frT 5 Push-pull 2 <D K^-f > 

3 6 . md&tm&*ffifoZ>mZ Single-ended fl#<£> U 3 

37. ii ^m«EET'«]^i-5^ i <D^mmmwmmtttmm 1 on^m 
ffii 9 h\&\s^2<DmMmmx*W}fti-zn2<D¥mteMm®&mmmx* 
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Single-ended ft^^I^tCii^ftrSfc^^-i^^X^-^fcor, 

mm i <D*mmmE\®mwt mm 2 <D^mmmmim%<owjfo(» 

Mfrb MB Single-ended m^Zmim 1rZ> Push-pull m^L<D^ 1 <D > 

mfrbiffiZ Single-ended -*§-£i£ff -tZ> Push-pull m$L<DWi 2 (D K7-f ^£ > 
BUfE Single-ended is ^omffi&^-TSfc&cD b#VMj£T*fc6Sm«ffi^ 

j& u ntnem i (o^mmmmwmjimm 2 o^feiwsiEjs&ga jc^h, 

mm 1 (D^mwrnm^mm^m-^imKm-f htitm iwct -masas 

mm 2 o^ft^m^«t?fflv ^SH1riES3i®E^stf||5^ 2 ow.®^ 
1/2 k-jh-s <t 0 Kmfnw.tfWifetstit^ mm 2 jt, 5n 

mm 2 0^#^«[eI^«<Dff -^{f^^^tt <b;ftfc3l 2<DCT T 

3 8 . WmfcgM3&&miZ>mZ Single-ended m-^<D y ? ^snMfrmiz>w& 

39. 11 ©tstE-cifrr^ 1 1 vmsm 

JEE<t «9 1 b^£V^m2(D«2im/ET♦«J^i-6m2<D^^^:A«(EIj^^«P^-e 
Differential m^&Wjfalzm&ia^&tcfrCDiBfH^^^^X+h^X, 

m^m^m^-r^, mi&o odd mode m&< ^\*—p>x&mz.it 2o« 

«7^<oiiiJiEDifferentiaHf ^r&mWtZ> Push-pull m&<D 2 1 0 K9>f 
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JfflfifltD&SllWE ODD mode flH&f ^t°-y 2m\Z-&+&, MfEf! 1 

^^as^^s^f^f^^^tt ^tL^ i (D Bridge mm&t , 

J^L^SSfrlE ODD mode 4#t3M' ^fcT— *V*<£> 2 ffiFtd— BUlE^ 2 
(*^®8&^«©ft#^m«}C|9:^ P> ttfcm 2 O Br idge MS £ % 
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ABSTRACT OF THE DISCLOSURE 



101 



